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PREFACE 


The information available on the hydrometallnrgy of copper is 
somewhat fragmentary and widely scattered. The wet methods, for 
treating copper ores, are diverse; as yet, the industry has not arrived at 
any established practice, and it is questionable, on account of the widely 
different character of the ores, if at any time one routine practice will 
succeed in eliminating other processes entirely. In the discussion of the 
various methods it is intended to cover all the most essential phases of the 
subject. 

Roasting, both oxidizing and chloridizing, has been given a prominent 
place in the book, because on many ores, especially the sulphides, hy- 
drometallurgical processes are directly or indirectly dependent upon this 
step for successful treatment. 

The hydrometallurgy of copper differs from the hydrometallurgy of 
gold and silver largely on account of the greater percentage of material 
recovered. For this reason the discussion of the precipitation plays an 
important part. The commercial success of any particular process will 
frequently depend on the nature of the precipitant and the cost of 
precipitation. 

The book is the result of notes, covering a long period of time, from 
various sources and from my own experimental work. It is intended, in 
the text, to give full credit for the various sources of information. 

William E. Greenawalt. 

Denver, Colorado, 

Augustj 1912 . 
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HYDKOMETALLURGY OF COPPEE 

PART I-ROASTING 

CHAPTER 1 

PREPARATION OF THE ORE 

Relation of Copper, Gold, and Silver. — Copper, gold and silver are 
chemically, mineralogically, and met allurgic ally intimately associ- 
ated. Chemically, they occur in the same group in the Periodic System; 
mineralogically, one of these metals is rarely, if ever, found unaccom- 
panied by one or both of the others; and met allurgic ally, any scheme 
which contemplates the profitable recovery of the copper must take into 
consideration the profitable recovery of the accompanying precious 
metals also. 

In the hydrometallurgical treatment of copper pres, or of gold and 
silver ores containing copper, it is evident that the extraction of all 
three metals, concurrently or consecutively, must be given due consider- 
ation. Many operations in the wet treatment of ores of one of these 
metals are applicable to the others. In the acid treatment of gold and 
silver ores, as in chlorination, the conditions of roasting and extraction 
are not essentially different from the treatment of copper ores with acid 
solvents. 

Many ores may be treated by hydrometallurgical processes without 
roasting. Others, especially the sulphides, have to be roasted, and the 
sulphides constitute the greater proportion of the available ores of copper. 
Some sulphides may be treated without roasting, but such treatment is 
the rare exception, and for obvious reasons will probably not find exten- 
sive application. 

The best conditions of roasting, for the various ores for chemical 
treatment by any of the solvent processes, are very much the same, 
whether the metals to be extracted .are copper, gold or silver, or all 
combined in the same ore. The same furnaces are used; the same costs 
apply; and the conditions of roasting which give the best extraction of the 
precious metals will, in general, also give the best extraction of the copper. 

In roasting copper, gold and silver ores, for hydrometallurgical treat- 
ment, the metals themselves offer no particular difficulty in the operation. 
The difficulties encountered in roasting will usually be in the nature of 

1 
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the other elements associated with them in the gangue. It is evident 
that in considering the roasting of copper ores, or copper ores containing 
gold and silver, the foreign elements must be taken into account quite 
as seriously as the metals themselves. 

Roasting of ores, as a step for their treatment by solvent processes, 
is materially different from that required for subsequent smelting. 
While the chemical reactions during the roasting are essehtially the same 
for both methods, a good roast for a solvent process requires vastly 
more delicate manipulation and a more thorough elimination of the" 
sulphur. A roast which would be satisfactory for smelting might be, 
and usually is, absolutely worthless for treatment by wet methods; on 
the contrary, ore which is satisfactorily roasted for treatment by wet 
processes would be satisfactory for smelting also, but the expense of 
roasting would be considerably greater. 

In ores containing copper, gold and silver, if the precious metals 
are not extracted simultaneously with the copper, the roasting of the ore 
to make their subsequent extraction satisfactory, either by cyanidation 
or chlorination, must be taken into account. 

Cupriferous pyritic ores, high in sulphur, are sometimes roasted in 
heaps, preparatory to extracting the copper as soluble sulphate, but 
this practice is not finding extended application, and at the mine where 
it was largely employed its use has been discontinued. 

The only roasting which is finding favor for the hydrometallurgical 
processes is in suitable furnaces, usually reverberatories, and preparatory 
to which the ore is crushed fine enough to be thoroughly roasted in sev- 
eral hours. 

Preparation of the Ore. — Ore, as roasted in furnaces for hydromet- 
allurgical treatment, is usually crushed to a fineness varying from 8 to 
40 mesh. Below 8 mesh the particles become too large for efficient 
oxidation, and above 40 mesh the dust is likely to give trouble. On 
the whole, ore ground to a fineness varying from 10 to 30 mesh will give 
the best average results. 

When roasting constitutes a step in any metallurgical process, the 
ore is crushed dry. Rolls and ball mills are best suited for this work. 
Concentrates are usually the product of wet crushing. If the ore is of 
too low a grade to admit of direct chemical treatment, concentration 
offers a means of increasing the tenor of the material, while at the saiqe 
time eliminating the most injurious elements. In this way, lime par- 
ticularly may be largely eliminated from the ultimate product to be 
treated by roasting and a chemical process. If concentration forms a 
step in the general treatment, there is no need of close work to obtain 
a high grade concentrate, and hence there is no need of excessive loss in 
the tailings. A concentrate containing 10 per cent, copper would be a 
very desirable product for roasting and for treatment by a solvent proc- 
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ess, and such a concentrate should be made without excessive loss; 
whereas if shipment to a smelter is desired, such a product would not pre- 
sent much advantage, and to get a higher grade product would result 
also in getting a considerably greater loss. 

The moisture contained in the ore before charging into the furnace 
should also be considered. Concentrates may be charged in a hand- 
rabbled furnace without drying, but in mechanical roasters it is evi- 
dently better to remove tlie moisture sufEciently so that the ore may be 
fed uniformily into the furnace by mechanical means. Much moisture 
in the ore charged into the furnace has a tendency to cool it unduly. 

The moisture in the ores, as well as the moisture in the fuel gases, 
has an important bearing on the chemistry of the roasting process. 

The principal expense in the preparation of the ore for roasting is in 
crushing. This may vary within wide limits, depending on the character 
of the ore, the fineness to which it is reduced, and the amount crushed. 
Usually it will vary from 25 to 50 cents per ton, with a reasonably large 
installation. 

Dry Crushing with Rolls. — Rolls are largely used to crusli ore to 
medium fineness. For grinding finer than 20 mesh they are inferior to 
some other type of nuudiines, and it is a question wliethcr, under any 
conditions, thc^y are as satisfac-tory as ball mills. 

It costs from 25 to 30 cent.s ])er ton to crusli Cripple Creek ore to 
12 or 14 nu-sli, on a basis of from 200 to 300 tons jier day. In one iilant, 
having two 4<S-iu. roughing rolls and four 48-in. fmishing rolls, 300 tons 
of ore arc^ regularly crushed per day. The roughing rolls are run only 
during tlu^ daytime, l)ut the llnishiug rolls an^ run continuously for 
three eight-hour shifts, with three men on a shift. One man attiuids 
to the sen^ms. 

In another plant, having one SO-in. roll, and thnn) 2()-in. rolls, 175 
tons arc crushed in 24 hours to from 30 to 40 nu^sh. 

A comliinabon of one 3()-in. roughing roll; one 2()-in. roll doing 
medium work, and two 2()-in. rolls doing finisliing work, will <uiush from 
125 to 175 tons of ore of ordinary hardness to 3() mesh; 200 to 250 tons 
to 20 mesh, and 250 tons and more to 10 mesh. 

For the best working of a roll crusliing plant, it is (essential that the 
reduction shall be gradual in going from one roll to the mnxt. 

Dry Crashing with Ball Mills. — ^I^or dry crushing ball mills present 
certain advantages over rolls in that they are sdf-c.ontaiiuHl and the 
screening is simplified. Their capacity is also large. A No. 5 Krupp 
ball mill will crush 43 tons daily of ordinary suljihide ore, and the No. 8, 
100 tons; using from 18 to 23 h. p. for the 5-ton mill, and from (iO to 65 
for the 8-ton mill, or 2.1 and 1.6 tons per horse-power respectively, 

M. W, Von Bernewitz^ has given some valuable information on ball 

^ Min, and Scimiific Prm, July 15, 1911. 
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mill practice at Kalgoorlie. The following table gives a summary of the 
essential facts. 


BALL MILL PRACTICE AT KALGOORLIE (DRY CRUSHING) 


Name 
of plant 

No. of 
mills 

Weight 
of balls 

Screen 

Speed 

Power 

Capac- 

ity 

daily 

Steel con- 
sump- 
tion 

Life of 
grinding 
plates 



lb. 


r. p. m. 

h. p. 

tons 

lb. per ton 

days 

Associated 

4 No. 8 

4480 

30X30 

21 

60 

92-95 

0.50 

170 


6 No. 5 

2240 

25X25 

25 

23 

43 



Associated Northern . . . 

3 No. 5 

2350 

27X27 

26 

18 

40 

0.32 

270 

Chaffers 

3 No. 5 

2300 

27X27 

25 

25 

40 

0.74 

180 

Great Boulder 

4 No. 8 

4480 

30X30 

24 

60 

80-90 

0.64 

105 

Kalgurli 

9 No. 5 

2200 

26X26 

25 

25 

40 

0.45 

300 

Perse verence 

8 No. 8 

4400 

27X27 

24 

60 

100 

0.65 

118 

South Kalgurli 

3 No. 8 

4480 

27X27 

24 

65 

95-100 

0.47 

210 


INo. 5 

2800 



30 





COST OF CRUSHING AT KALGOORLIE, PENCE PER TON 


Name 
of plant 

Wages 

Power 

Other items 

Total 

Pence 

Dollars 

Associated 

6.45 

13.78 

9.89 

30.11 

0.574 

Associated Northern 

5.87 

12.08 

6.25 

24.22 

0.463 

Chaffers 

2.09 

10.64 

8.84 

21.57 

0.413 

Great Boulder 

1.81 

9.75 

6.26 

17.82 

0.342 

Kalgurli 


15.23 

7.49 

22.72 

0.435 

Perse verence 

3.21 

19.18 

4.43 

26.84 

0.514 

South Kalgurli 

2.05 

20.82 

9.43 

32.20 

0.619 


One man per shift of 8 hours, at 11s. 8d. ($3.22) can look after eight 
No. 8 ball mills; but in smaller plants the mill man attends to conveyors, 
elevators, dust, pipes, etc. Ball mills should be fed with no larger ore 
than will pass a 3-in. ring. With fine ore the balls are likely to bed. 
Actual weighing has shown a 3-in. feed is crushed faster and the wear of 
steel is less than when 1-in. material is fed with a quantity of fines. 

A No. 5 mill, including foundations, may be erected for £600 ($2922.00) 
and a No. 8 for £1000 ($4870.00), bin and conveyor included. It 
will usually cost about £300 ($1461.00) per year for upkeep of a No. 5. 

At the Golden Cycle mill, at Colorado Springs^ four No. 66 “Kominu- 
ters have a capacity of 17,000 lb. of Cripple Creek ore per hour for 
each mm, when fed with a product that had been reduced by rolls to 
pass through a revolving screen made of 1/4 in. steel plate and having 
openings 1 1/2 in. in diameter. The kominuters were equipped with 
' Lochiel M. King, Mining and Scientific Press, Jan. 25, 1908, 
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a diagonal slotted screen, size of opening 5/32 by 1/2 in. No. 8 steel 
plate. Tliis opening gave a product varying in size from l/S-in. cubes 
to the finest sliim^s. The consumption of power was 50 li. p. at a si3eed 
of 22 r. p. m., th(‘ ])all consumption being foui'teen 5-in. forged steel ].)alls 
weighing about 19.5 lb. each, per day of 24 hours. One man can attend 
to six mills. 

Tlu^ average results from several types of ball mills show that one 
ton of steel l)alls will crush about 50 tons of ore during 24 hoiirs from a 
leed 11/2 in. diameter down to a product of from 12 to 20 mesh in one 
opea-ation. 



CHAPTER II 
FUEL 

Roasting^ as a step in the treatment of ores by the hydrometallurg 
processes, is usually cajn!ind_ojitJn4Jie„i]^^^ vicinity of the mi 
At industrial centers, the consideration of fuel is a very simple mat 
but not so in copper, gold and silver mining districts where the selec 
of a particular kind of fuel is frequently a matter of necessity, basec 
local conditions. In vicinities where wood is abundant it will ordina 
be used in preference to the more expensive coal, which has to be freigl 
in. If a mining district has no wood, and is some distance from 
source of fuel supply, the greater calorific power of oil per unit of we; 
over that of the coal might make it the cheaper fuel on account of 
difference in cost of freight. 

Other things being equal, the relative desirability of fuels for ro 
ing purposes is gas, oil, bituminous coal, wood, lignite. Anthracit 
not often available, but if it is, there is a decided advantage in ; 
converging it into producer gas. 

Most of the expense of roasting, in mechanical furnaces, is in 
fuel. Some of the essential facts pertaining to the various fuels ar 
comparison of their relative value is, therefore, pertinent. 

Wood. — It frequently happens that in mining camps far remo 
from coal supply, wood can be obtained cheaply and in large quantil 
For roasting, if the wood is perfectly dry, it is more desirable t 
lignite of the inferior qualities of bituminous. Green wood conti 
from 30 per cent, to 40 per cent, moisture. After thorough season 
for about a year, in the open air, the moisture is from 20 to 25 per c 

The wood of various trees are nearly identical in chemical comp 
tion, which for perfectly dry wood and of ordinary fire wood hole 
hygroscopic moisture, is practically as shown in the table on the foil 
ing page. 

The ash in most woods varies from 0.5 to 1.5 per cent. Most of 
pines and others of the coniferous family contain hydrocarbons (pi 
turpentine) which increase their value as fuel. 

In steam-boiler tests wood is assumed as 0.4 of the value of 
same weight of coal. It is safe to assume that 2 1/4 lb. of dry-woo 
equal to 1 lb. of average quality bituminous coal, and that the 
value of the same weight of different woods is nearly the same. 1 
is to say, a pound of pine is worth as much for fuel as a pound of hick< 
supposing both to be dry. 
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Dessicated wood 

Ordinary fire wood 

Curl) on ' 

50 per cent. 

37.5 percent. 

1 lydrogen 1 

6 per cent. 

4 . 5 per cent. 

Oxygen 

41 per cent. 

30 . 75 per cent. 

Nitrogen ! 

1 per cent. 

0.75 per cent. 

Ash 1 

2 per cent. 

1 . 5 per cent. 


100 per cent. 

75.0 percent. 

Hvfrrosnonic wuter i 


25.0 percent. 


■ 

100.0 per cent. 


It is important that the wood bo dry, as each 10 per cent, of moisture 
in wood will detract 12 per cent, from its value as fuel. 

A cord of wood is a pile 4 ft. by 4 ft. by 8 ft. which is equal to 128 cu, 
ft. About 5G per cent, is solid wood, and 44 per cent, spaces. 

Fire-boxes for burning wood should be built so as to contain a deej: 
bed of fuel. They should be narrower at tlio bottom than at the top 
With properly designed fire-boxes, burning thoroughly dry wood, t 
very intense lieat can be obtained which is quite as effective in roasting 
ores as most coals available in copper mining districts. 

Where wood is abundant in the Rocky Mountain Region it wil 
ordinarily cost from $3.00 to $3.50 per cord, cut and piled at the metallur- 
gical works ready for use. 

Wood burns with a long flame and makes comparatividy little smoke 
which are idcuil (conditions for roasting. 

Charcoal giv(‘s out much more useful heat than wood, because tin 
wat(n contained in tlic wood, or formed by the combustion of its oxygei 
and hydrogem, has to 1)0 evaporated during its combustion- 100 parts 
of wood giv(^ only as mueJi heat as 40 parts of charcoal. 

Charcoal is nuuh'. by the dry distillation of wood, at a temperatun 
of from dOO"^ to 450® C. This may be done in heaps or in (‘.losed retorts 
Dry wood in stacks yields about one-fourth its weight in charcoal 
Charcoal devehrps on Imrning 8000 heat units, while wood, dried in tlu 
air, does not devtdop more than 2800 units of heat. Therefore, sever 
parts of charcoal givers as much heat as 20 parts of wood, Init the 20 part! 
of wood arc capable of yielding only five parts of charcoal. 

If wood has to be transported any considcraldc distance for roasting 
it might be profitalde to convert it into charcoal at the forests and thei 
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RELATIVE HEATING VALUE OF WOOD, COAL, AND OIL 


One cord of wood 

Weight in pounds 

Pounds of coal equiva- 

Pounds of oil equivj 

(128 cu. ft.) 

per cord 

lent to one cord of wood 

to one cord of wo 

Hickory 

4,500 

1,800 to 2,000 

1,000 

White Oak 

3,850 

1,540 to 1,715 

860 

Beach 1 

1 




Bed Oak 

[ 

3,250 

1,300 to 1,450 

725 

Black Oak 1 





Poplar 1 





Chestnut 


2,350 

940 to 1,450 

525 

Elm 

1 




Pine 

2,000 

800 to 925 

460 


It might be said that the approximate heating value of wood, 
and oil is: 2 cords of average pine = l ton of average bituminous co 
13/8 tons of lignite =3 1/2 to 4 barrels of crude oil. 

As to the absolute consumption of fuel, in roasting, much dep< 
on the nature of the ore, the amount of sulphur in the raw ore, and 
extent to which the sulphur is eliminated. 

Oil. — Oil, next to gas, is the most desirable fuel for roasting purpc 
It is largely used where it can be obtained cheaply and the supp' 
constant. It was for many years the principal fuel used in roas 
Cripple Creek ores. Recently, owing to the uncertainty of the sup 
producer gas has largely displaced the crude oil and residuum. 
California, where large oil fields have lately been developed, it is 
placing wood and coal in the roasting of stamp mill concentrates 
chlorination. 

Fuel oil has the following advantages over coal and wood in roas 
ores : 

Reduction of weight of fuel by 50 per cent. 

Reduction of bulk of fuel by 30 per cent. 

Reduction of labor by 50 per cent. 

Prompt kindling of fire. 

Cleanliness and freedom from ash. 

No loss of heat by useless radiation, as in the coal fire-box w' 
the heat and products of combustion are introduced through the to 
the arch. 

Convenience in directing and controlling the heat. 

It is possible to get with it either a long rolling flame, or an inten 
hot local flame. 

Oil, as it is used in roasting ores, is sprayed with a steam jet dire 
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Most of the oil sold for fuel purposes ranges from 14° to 20° Baume. 
Oil is usually bought by measure and not by weight. The lighter 
gravity oils contain more heat units per pound than the heavier oils, 
but there are more pounds of fuel in a gallon of heavier oils than in a 
gallon of lighter oils. The gravity of the oils, therefore, is not a matter 
of much consequence. 

A U. S. gallon of oil weighs from 6.5 to 7.2 lb. and 42 gallons are taken 
as a l)arr(4. Residuum, that is, the residue of crude oil after the volatile 
sul)stances have been driven off by heating, is largely used as fuel for 
roasting purposes. 

In sonic of the mills treating Cripple Creek ore both coal and oil are 
us(hI in the same furnace. In some of the roasting furnaces coal is used 
at the cooler, or feed end, while in others the reverse is the case. The 
r(‘lativc quantity of coal and oil used also varies greatly. The average 
consumption might be considered as 100 lb. of coal and 15 gallons of oil 
p(‘r ton of ore, in roasting 1 1/2 to 3 per cent, sulphur down to about 0.5 
per c(vnt. With oil alone, it takes from 0.35 to 0.45 barrels to roast a 
ton of ore, in addition to the small amount of fuel necessary to generate 
tlu‘ steam for applying the oil. 

In California it takes about half a bari'cl of oil to roast a ton of stamp 
mill concentrates suitable for chlorination, and about 50 lb. of coal 
to furnish tlie steam to pump, heat, and atomize the oil. As a fuel 90 
gallons of California oil is equal to 1 ton of coal. 

If fu(d has to be transported any considerable distance, oil offers 
advantag(‘H in the cost of freight, since for the same weight it has almut 
twicte the luxating value of coal, and about four times that of wood. 

CoaL— Ck)al is the most universally used fuel in roasting. Its quality, 
how(‘Vcu*, varies so much that careful investigation of the difT(u*ent 
kinds available is a serious matter. A long-flame bituminous coal, if 
dinust firltig is tiHcnl, is the best, while lignite, with its short flaiiHi and 
low hemting quality, is the worst. The tendency of short-flame coal is 
to give an intcmsci local heat, and such a heat is highly dcd.rimcmtal to 

roastcHl onu I'he best way to distribute the heat is either to gassify 
the coal, or if fired dirc^ct, get what is known as a semi-producer action 
in the fin^-box, by the introduction of steam and air under the grate. By 
cfltlu'.r of methods, a long rolling flame may be o1)tained in the 

roasting chaml)er. 

Any coal, wheter anthracite, bituminous, or lignite, will give the 
most satisfactory result by being first converted into producer gas, and 
conducting the gas from the producer mains into the different parts of 
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The advantages of producer gas over direct firing are: 

The gas may be produced from inferior coal, and makes more avail- 
able heat in the roasting furnace than is possible with any coal burned 
in an ordinary grate. 

It can be easily introduced into the roasting furnace at any point 
and in any quantity desired, thereby giving a diffused heat over the 
entire bed of the ore. 

The construction of the arch of large mechanical furnaces is very 
much simplified. 

The producers may be centralized, so that the handling of coal and 
ashes, by mechanical appliances, may be greatly facilitated. 

In all cases, where producer gas is used to roast ore, the air necessary 
for its combustion should be pre-heated. This can be done at the least 
expense by an air-heating arrangement in the furnace dust chamber. 

The relative average value of the several classes of coal may be ap- 
proximately determined from the accompanying tables. 


CLASSIFICATION OF COALS 
(Kent, Min. Ind.j 1900) 


' 

Moisture 
per cent. 

Ash 

per cent. 

Volatile 
matter 
per cent. 

Fixed 
carbon, 
per cent. 

Heating value 
b. t. u. per lb. 
of combustible 

Relative 
value of com- 
bustible 
semi-bit. 

= 100 

Anthracite and semi-an- 

1 to 3 

8 to 12 

3 to 12 

97 to 88 

14,700 to 14,900 

. 94 

thracite. 

Semi-bituminous 

1 to 3 

3 to 10 

15 to 25 

75 to 85 

15,600 to 16,000 

100 

Bituminous — eastern 

Ito 3 

3 to 15 

25 to 40 

60 to 75 

14,800 to 15,200 

95 

Bituminous — western 

4 to 14 

5 to 25 

35 to 50 

50 to 65 

13,600 to 14,800 

90 

Lignite 

12 to 18 

5 to 25 

over 50 

Less than 50 

11,000 to 13,000 

76 


A rough estimate of the relative practical value of the several classes 
of coal may be calculated as follows : 



Mois- 

ture 

% 

Ash 

% 

1 

Combus- 

tible 

% 

b. t. u. 
per lb. 
combus- 
tible 

Theort- 

ical 

healing 

value 

Effi- 

ciency 

for 

boiler 

Relative 

va! 

b. t. u. 

practical 

lue 

Semi-bit. 
= 100 

Anthracite 

2 

13 

85 

14,800 

12,180 

77 

9,379 

88 

Semi-bituminous 

2 

8 

90 

15,800 

14,220 

75 

10,665 

100 

Bituminous — eastern 

2 

8 

90 

15,000 

13,500 

70 

9,450 

89 

Bituminous — ^western 

10 

15 

75 

14,200 

10,150 

65 

6,598 

62 

Lignite 

15 

20 

65 

12,000 

7,800 

60 

4,680 

44 
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Heating value per pound in h. t. u. equals: 

O 


i/l()()[l4/;^)(.)(^h^>2,o(H) (II- 


s 


4()OOS1 


In which II, () and 8 are r('S])ectivc‘l 3 ' ilu' j)r(i(a‘n4ag(\s of caii>on, 
irydrogen, oxygen, and siilpliur in the coal. 

Therc^ is more ash in the smaller size coal than in the larger sizes, 
due priiudpally to the greater quantities of dirt and slate, as shown by t.he 
following analyses of different sizes of antliracite. 


Size of coal 


Pix(id ciirl>on 


Ash 


2 . 5 to 1 , 7 ill 

Stov(‘, 1 . 75 to 1 . 25 in 

(■h(^stnut, 1.25 to 0.75 in 

P<'a, 0 . 75 to 0 . 50 in 

BiK’kwlieat-, 0.50 to 0.25 in 


88.5 per cent. 

83.7 per cent. 

80.7 per cent. 
79 . 0 p(n' ccnit,. 
70 . 9 per cc-nt-. 


5 . 7 per . 
10.2 per e(‘nf . 
12.7 per et^nt. 
M . 7 p(T e(‘nt . 
1 (> . 0 p(T e<^nt.. 



CHAPTER III 

OXIDIZING ROASTING 


Objects of Roasting.“The object of roasting is to convert the 
into a condition wliicli will have the least injiirions effect on tln^ eli 
icals used, and to simplify their application. Roasting is essenti 
oxidation. Many metallic oxidt^s arc not as readily attatdvecl by 
solvent in the subsequent chemical treatment as the imd;als in o 
combinations. 

The solvents for copper, gold and sihnn* arc among tlic most e 
getic substances known. (Uilorine, for example, combiners with li 
elements with which oxygen is ahh^ to coinhiiK*, Ix^eaiise in niaiu' n*.s|j 
it is equally if not more cn(‘rgeti(^ tiian oxygenq an<l replaetNs it in 
proportion of 2 atoms of chlorine to ont‘ of oxygcxi: (1^: O. Chlo 
cannot displa(;e oxygen from many of its oxiclc! (aiiabinaiions. 
is universally associated with copixn*, gold and silvt^r ores in the f 
of oxide or sulphide. C'hlorine very ra]>idly (‘omhini^s with iron ii 
sulphide and sulphate combinations, !>ut d(x‘s not a|>preciably disp 
the oxygen from its oxide comliiiiationH. Most of tlu^ meiidK 
less injurious in tludr oxide than in th(‘ir Hul|)hide cxunlnnatiouH, w 
others arc not imicdi improved by the cluinge. If tin* om in ic 
treated for its coppen* rontcuit by an ac*i<l proc<*sH, tin* oxide* of co| 
resulting from the roasting is nxulily soluble in edthex* hydroclil 
or sulphuric acids, whihj tlie sulphide of cop|xn* is quite insfilulih 
either of these acids, ('ahduin is acfcxl tipon by eddorine ami 
acids as readily in its oxide as in its carbonate combinations M 
of the calciujn, Imwever, in roasting, is conv(*rted into ih,e sulpli 
which is an improvement, since it is practically neutral and iinafTix 
by all solvents. 

Many injuriouB metals, such as arsenic, antimony, and liiHinutlq 
volatile at a high tcunperature and are expcdled iluring the roast 
Many oxides are bcmefitcxl by cdcwatcxl icunperaturi^s. liehyclnil 
agglomerates the particles and makers a !)ett(*r Icuichirig prodind;. C 
containing much clay and talc arc similarly benefiteiL And, fuMi 
roasting makes the ore narticles norntix f v#^rv Ttl irf ii lit/ 1 »•< 
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Till' o])j(K^ts of roasting, tluireforc, may be siuioiiarized as follows: 

1. ']'() (>xicliz(‘. 'blie eoinmoii elenumts oxidized are iron, eo]>i)(a*, 
lead, ziri(*, ttliuniniun, ealeiiini and iruiguesium. 

2. To volatilize*. The common elements volatilized are sulphur^ 
ars(‘nie, antimony, bisnmtii and tellurium. 

2. To sulpliatize*. Tlui common elcmients sulphat.ized are calcium, 
magrl(^sium and, to some extent, lead and zinc. 

4. I)(‘hydraiion. The object of chdiydration is to aggiomcn-ate the 
on* ])aiii(‘l(‘s and make them more susceptible to leaching, dec.antation, 
or filtralion. Usually ore, whicii will percolate or filter very slowly 
])(*for(* roasting, will pc'rc.olate or filter quitci rapidly after roasting. 
Mill dust, wlum raw, may be difficult to filter, but after roasting filtra- 
tion tak(‘s pla(‘(* (|uit(^ rapidly. 

f). ''J'o make*, tlui ore ])orous. Oxidation of sulphide and t(41uri(Ie 
<)r(‘s, by tin* (‘limination of the sulphur and t(41urium, must of n<a‘.(\ssity 
inakt* tlu^ on^ pa.rii(‘lc‘S mon* ]>or<>UH and pr(‘S(mt a gnnitcu' surfaces to the 
action of tin* solvcmt. Most onns will yic4d a V(uy mucii Ixdku* extracd.ion 
aft(*r roasting th<*in b(dor(*, (‘V(m thougli tiny arc otherwise (apially 
Husc(q)til)I(‘ to tnnitmcmt. 

(k To fr(x^ f.h(* gold and silver particles. Neitluvr (*.hlorine nor cyatdde 
arc* practical! solvc*nts of gold and silver in theu'r tcdluride combinations, 
and in Uu‘ir sulphides combinations they pn*s(*nt H(‘rious difllculticis. 
Aft(‘r roasting, the* gold and silver are in their metallic state and arc 
readily soluble* if the* partiede^s have not beH*n fuscHL 

7. To conve‘rt the^ d(‘HireHl m(*tals inio soluble form. Coppe*!*, in its 
sulphides combiiiations, is epiite insolubles in either acid or alkaline solu- 
tions, wldle* in its oxide combinations it is reuulily soluble^ 

Chemical Combinations of the Metals before Roasting.— (!op))cuy gold 
and Hilve*r orevs as they come* from tln^ ntine*., may c-ontain any of th<^ base 
c*le‘me*niH, Tln^ matrix is almost always (piartz, but assoe'iate'd with it 
will usually lic^ found one or more* of the eleimmts emumcu'ateHl: 

Alumimiin; usually as a siliemte, fluoride or sulphate. 

Anilimmy; usually as a Hulf)hidc. 

ArHc*nie‘; usually as a sulphidex 

Barium; usually as a sulphate* or earboiiate. 

Calcium; usually as a carbemate*, fluoride, or sulphate. 

Cobalt; usually as a sulphides 

Copper; usually as a sulphide*, carbonate, oxide or silicate. 

Iron; usually as a sul{)hidc, car])onate*., or oxide. 

Lenul; usually as a sulphide or carbonate. 
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Zinc; usually as a sulphide or carbonate. 

Sulphur and tellurium are usually found in combination 
metals as sulphides and tellurides. 

General Chemical Reactions During Roasting. — The carbons 
heating, are readily converted into the oxides of the metals and 
dioxide: 

MC03 = M0 + C02. 

When metallic sulphides are heated in the presence of air, ] 
oxides and sulphur dioxide are formed: 

MS + 03 -M 0 + S02. 

Most of the sulphur dioxide passes off, but a small portion 
converted into sulphur trioxide by contact with the metallic 
formed, or with the silica contained in the ore: 

SO2 -}- 0 -}“ Si02 = SO3 Si02 
S02+2M0=S03+M20. 

Some of the sulphur trioxide will escape, while some will c 
with the metallic oxides to form metallic sulphates: 

M0+S03 = MS04. 

By heating, the metallic sulphates are dissociated, some gi\ 
sulphur trioxide, others sulphur dioxide and oxygen: 

2FeS04=Fe203 + S03 + S02 
2CuS04=2Cu0+2S02 + 02. 

The sulphates of copper, antimony, iron, and nickel, are com 
decomposed at a red heat. A higher temperature decompos 
sulphates of aluminum, silver, lead, manganese, and zinc. An o] 
white heat has no action on the sulphates of the alkalies and s 
earths, potassium, sodium, barium, calcium, and magnesium, but 
most intense heat procurable, which is never used in a roasting fi 
the sulphates of barium and calcium are changed to oxides, 
same temperature, sodium and potassium sulphates are com 
volatilized. 

Essential Factors in Roasting. — The essential factors in roasti 
Time, 

Temperature, 

Air, or Oxygen. 

These are complementary terms, and each may be carried in 
to the neglect of the others. Roasting, as already stated, is si 
tially oxidation by the application of heat and air. Mineralized ve 
oxidized to great depths by time and the action of atmospher 
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abundance of air, is of little avail. A moderate temperature, with an 
abundance of air, is highly efficient, nevertheless time is necessary to 
effect complete oxidation, and to get the best roast for subsequent 
chemical treatment to extract the metals. 

Time. — Time in roasting, and in oxidation, is a most variable factor. 
Pyrites may be oxidized almost instantly, in the highly oxidizing atmos- 
phere of a shaft furnace, or it may take countless ages, as in the oxidation 
of mineralized veins, where the elements of both temperature and air 
arc lacking. 

Some idea of the relation of time, temperature, and air may l)e 
obtained from roasting tests made in Denver, on Gilpin County Hul|)lude 
ore. The ore was roasted in a three-compartment shaft furnace at the 
rate of 75 tons a day. Each parti(dc was exposed on all sid(‘s i.o a highly 
heated o.xidizing atmosphere. The ore was thoronghly roast, (^d in 1 3/4 
minutes, which was the total time it remaimal in the furnace. Similar 
ore was roasted in a mechanicail revcrlmratory, with a IxhI from 4 to 5 in, 
deep, and notwithstanding that the ore was ral)bl(Hl (toTitinuously and 
remained in the furnace from 4 to 5 liours, the roast was not satisfactory. 
The difficulty lay in the inability of thci air to i>en(4.rat(^ the dcaq) Ixal 
of ore. As soon as an abundance of air was BUi)plied, as for exainple, 
when the ore was discharged from the furnaces, innunuu*able Hjjarks 
apjxuinxl, showing that the oxidation was taking placx^ more rapidly. 

In th(i Stcxlcffcddt shaft furnace the ore is oxidized almost instantly, 
and t.he time rculuced to a minimum, as compared with roasting in the 
ordinary reverlx‘ratory or revolving furnacx^s. In tint Htc‘cl(!f(4dt fur- 
nace, which was used only for chloridizing roasting silvcu* orcss, thcj 
chlorines acted as an energcitic oxidizer, and this materially assistetd in 
the roasiing. 

The Ix^Ht rcisults in roasting will usually 1x5 obiaimxl wlum the* time 
factor is mad<5 as gnuit its possible*, and th(5 te^mperal.ure as low as pos- 
sible*, asHuming tluit air factor remains ihc5 same*. Or, again, the5 
b(5st resultB will always be c)l)tained by having the time* and air factors 
as larger as possible, spcuiking, of course, wit,hin ])ra(‘iie5al limits. By 
increaising the air, the te^inperature re^maining tlui same*, tin; time will bo 
greatly diminislicHl without detriment to the roast. 

If ore is roasted, as in a shaft furnaex*, of the Ht(*d(*fe4dt type*, wheu'e^ 
it is showered throtigh a highly heated oxidizing atmosplu're, the* time 
of roasting is rcKluce^d to a minimum, but the combustion of the^ pyrit-c* is 
likely to be so intense that the heat developed iri the ))articl(5 it, seif is 
likely to fuse it. Care^ftff panning of roasted sulphide* ore*, roast, e‘d imd<*r 
such conditions, will usuallv disclose some of the crains as fuBf*d or (*v<*n 
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Temperature. — The regulation of temperature in a furnace to ge- 
best results in roasting, depends largely on the nature and compos 
of the ore. In simple ores, not containing too much sulphur, slow ii 
heating is not essential if care is taken not to carry the heat too nea: 
sintering point. Even on concentrates, and ore high in sulphur, 
initial heat may be reasonably high without deleterious effects, pro'v 
there is an abundance of air and the rabbling in sufficiently freqi 
Copper sulphides are vastly more sensitive to high temperatures 
iron sulphides, and with galena, which fuses at a low temperature 
utmost care must be taken. 

When roasting silicious ore in large furnaces, or even pyritic mat 
containing only small quantities of copper or lead sulphides, the rea: 
may be pushed quite as hard as the first one, since the temperatu: 
the ore must be brought to the ignition- or to the volatilization-poi] 
sulphur, before roasting can begin. This fact was demonstratec 
interesting experiments made in roasting Cripple Creek gold ore, in 
100-ton furnaces. Three of these furnaces were of the ordinary 
chanical reverberatory type; the fourth had a revolving hearth, wi 
gas producer in the center, and which was so fired that the tempera 
throughout the entire hearth was practically the same. The raw 
entering the furnace was subjected to almost the same heat as 
roasted ore being discharged. A comparison of several thousand 
of tailings from the different furnaces showed no material differenc 
the extraction. 

The ordinary roasting starts with a low initial heat, and finishc 
the highest temperature the ore will stand without sintering. Th 
particularly true of all revolving furnaces, and to a large extent in rc 
beratories also. While this may be the best for some ores, careful c 
parative tests in large furnaces would indicate that it is better to b 
the ore as quickly as possible to a dull red (or even cherry red) heat, 
that the finishing temperature should not be too high. In roasting 
containing from 2 per cent, to 4 per cent, sulphur, in a furnace ha' 
say four fire-boxes and roasting 100 tons per day, the best results wi 
obtained by firing the finishing fire box at a lower temperature than 
one preceding it. The dark magnetic oxide is, to a large extent, 
verted into the ferric oxide by the prolonged roasting at a moders 
low temperature. Similarly the cuprous oxide, which is with s 
difficulty soluble in acids, may be reduced to the cupric oxide, whi< 
quite readily soluble. 

If the ore is overheated, as is frequently the case when the finis! 
heat is high, it will have a dark appearance; whereas, if finished 
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oxide, which, at a lower temperature and with an abundance of air, may 
be reconverted into ferric oxide. 

In order to determine the effect of temperature on the extraction, 
the following laboratory experiments were made on Cripple Creek ore. 
Chlorine was used as tlui solvent. Head assay of raw ore, gold 5.32 02 .; 
head assay of roasted ore, gold r).r)G oz.; sulphur in raw ore, 4.02 per cent. 

Test No. L— The ore was given what aj)peared to be an ordinary 
roast in an assay muffle. The finishing heat was that ordinarily given 
in large furnaces. The ore did not show any sintciring. Sulphur in 
roasted ore, soluble, 1.10 i)er c(uit.; insoluble, 0.20 per cent.; total, 1.42 
per cent. Average tailing from 10 bottle tests, 0.50 oz. Extraction, 
91 per cent. 

Test No. 2. — The ore was given a prolongcul roast to reduce the sul- 
phur content. The finishing heat was (piite high (about 1575®F.) but 
the ore was not sintered. Sul])luir in roastcul ore, solubh^, 0.90 per cent.; 
insoluble;, 0.10 p(‘r cent.; total, 1.00 pen- (unit., Average tailing from 10 
bottle t(;sts, 0.33 oz. .Extrae.tion, 94 p<;r cemt. 

Test No. 3. — The ore was roasted at a high lu^at, and finished at a 
v(‘ry high bunperature (about 1050 to 170(P F.) ; it had a dark appearance 
and was slightly fuscMl. Sulphur in roastcHi ore;, soluble, 0.34 per C(mt.; 
insoluble, 0.09 |)(U’ ccuit.; total, 0.43 per cent. Avcu’agc; tailing from 10 
bottle t(;HtH, 1.23 02 . Ihxtraction, 78 pm* cent. Two bottles wcu'c 
r(‘charg(Ml and t.nuit<;d 12 hours; roidiarge tailings ran 0.79 02 . Extrac- 
tion, Sf) per ccuit. 

Test No. 4 .' — ^The ore was roasted 10 hours in the muffle. It was 
brought cpiickly to a nnl Inuit, and finislHul at a moderat(4y high tem- 
peraturcu The; ore; had a dark a])p('araiu!(^, and tlu; finer particle's wcu’O 
slightly fused. Sulphur in roasbul ore*, soluhh;, 0.75 pin* cevnt.; iriBolu- 
bk;, 0.11 p(;r emit.; total, 0.80 p(;r cinit. Average; tailing from 10 
botth; t<'Bt»B, 0.73 oz. hlxtractiou, 88 pevr cent. 

From Tests 3 and 4 it is <;vident that if the ore is fused or sintered, 
a (‘lose extraction is impoasille. 

Test No. 5.— Tin; on; was roasted 5 liours at a very low teunperature 
(sc.arcdy visible nni) ; it was taken out of the muffk; and dividcnl into 
two parts. One half was returned to the muffle and roastcul 8 hours 
longcu at a low dull red heat. The finishing lieat was a dtdl red. The 
entire roasting was performed at a prolonged low temi)erature. Sulplmr 
in roasted ore, soluble;, 0.74 per cent.; insoluble, 0.25 pen* eu'nt.; total, 0.99 
per cent. Average tailing from 10 l)f)ttle 0.15 oz. Extraedion, 

97.3 per cent. 

Test No. (>.— The other half of the ore taken from No. 5, after roast- 
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the same lines. The results clearly indicate that the lower finishing 
heat gives the ])est average results; that ore roasted at a low tein]MU‘atur( 
gives up its values better than ore roasted at a high teniperature, aiu 
that sintering or overheating is highly injurious. The ore in tiu'se t(‘st.j 
was ground to J,0 rriesh. Time of chlorination, 3 liours. The chcniicaL'- 
used were 15 lb. of bleach and 30 lb. of sulphuric acid, per ton of on^ 
Valentine^s Temperature Experiments.-— Valentine^ made interestin,! 
cxperinieiits on tlie effect of temperatures on iron I)yrite, with ami with- 
out fr(‘e ac<‘(‘ss of air. The results of his experinienis inul(u-tak(ui t( 
asc(u*tain the effect of heat on FeS^, when air is freely given acu'c'ss, ar( 
given as follows: 


A j)[)roxirn;i( e 

Dunition of 

S. in r(‘si(lu(‘, 

Los.s, 

P(‘r c(‘n( . of 

t(^inp('nit.ur(‘, (l(‘g. F. 

heat 

per c(‘n(.. 

p(‘r c(‘ntu 

S. (‘-xp(4!(‘d 

Origiaal pyritti 
1250 


j 53, -13 

! 


1 hour 

4 . 27 

49.15 

92 . 05 

1250 

2 n/'1 hours 

0.70 

52 . 73 

98 . 68 

1600 

20 niinut<‘.s 

0.78 

52. (;5 

98 . 54 

1600 

45 ininut<‘s 

0.08 

53.35 

99 . 85 

1800 

20 ininutt‘s 

0.13 

5.3 . 29 

99.75 

1800 

1 Iiour 

().(»5 

52.78 

98 . 79 

2200 

15 ininnios 

3 . 23 

50.19 

93 . 95 

2200 

20 minutes 

5.92 

47.51 

88 . 93 

2200 

35 mimit(‘H 

1 . 5(> 

51.87 

97. 10 

2200 

2 hours 

1 

1.18 

52 . 24 

97 . 78 

! 


It will be noti(UHl that a larg(‘r a, mount of sul{)hur nunains in tin 
rt‘sidu(\s wlien liigluu' t(unperatur(‘s havc^ benui applied. 

VahuitiiK^, from Ins exp(u*imeuts, draws the following e(mcIuHiom" 
in roasting pyritic orc^s: 

.1. ll(‘at aloiu^ without ncc(*ss of air, (tan renuove; a.t best, only om 
half of the sulphur pn^stmt. 

2. Atmospheric oxygen is absolutely iH‘(usssa.ry for a pr(>p{'r desul- 
phurization. 

3. Even at a low heat, ore is prop(u-Iy d(‘sulphurize<l if air (nin guii: 
atu^ess fr(‘C‘ly to tlnj Fc^B^ in it,. 

4. Sulphate of iron can be decomposc^d (spudly W(‘ll with or with- 
out air. 

5. In order that the nisichmm sulphur in roastcsl on^, may consist in 
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6. Fusion or sintering of ore is likely to nri-ard fur 
Ization. 

7. Sintering does not allow much of the remaining s 
the form of sulphate. 

Ain— Much oxygen is consumed in roasting sulphiiit 
oxidizing atmosphere is essential tt) go«)d results, A\ i 
fumes, and the products of combustion from tln^ iin-bu^ 
the partly roasted ore in the rear of tlie furnacc% tlu^ ats 
it may not be strongly rediudng, is certairdy not high! 
comparatively small amount of sulphur dioxides in tin 
will greatly retard oxidation; and if, in addition to sulpl 
atmosphere is charged with carbon dioxide fiH)m tlu^ coi 
fuel, effective roasting is impossil>le. Tire only advanta 
in passing these deleterious gases over the* fn‘sli (H'v. as 
into the roasting furnace is to heat it so tliai oxidation cr 
rapidly when it reachc\s a more highly oxidizing atmospln 

It is desirable to bring the sul|)hid<*s to the ignition 
soon as possible aft(u* the ore has l)een introducaal in 
The value of the vitiated hot gasst^s j>assiiig oviu* a long 
ore to heat it and therel)y save fuel is larg(‘ly ov(*ri‘stiin 
will exct‘ed tlu^ gain. 

With a d(H*p b(‘d of orc‘ in the furmun*, say from 3 1/ 
in a highly oxidizing atmospliere, otily the ore on the h 
thorough oxidizing comiitionH, while tliat behnv the si 
advantag(a>usly plaecaL If ovcadnaited, therefore, fusiti 
likely to occur iictlui earl}^ siagi*H of the* roasting, and 
heated too (puckly to gc*t a c‘(»rn‘spoiiding!y epycdc oxitla 
occurs, the parii(*h*s aHsuinc^ a dark, and. sometiim*H glaz 
In this condition it is more difriculi to sufficdeiitly eliiidiinl 
sulphur. The mt^lnls, ioe>, are diflirult to extract in the cl 
owing to the inability of the stilvtaii to pimetrate tlu* | 
partic*hxs. 

Speaking within practical limits, it is not go much tli'i 
ture as the lack of air that is fatal to rii|iicl and tlioro 
reverberatory furnaces. Fusi^in of tin* sulpliiile parti 
occurs when the orci is brought too suddenly agiiirist a hi 
with insufficient air. I'he ttmdency is to convtuT tin 
matte. Much of the Bul{)hiir in the ci(»epi*r poiibuiH ol 
tilizes as such, and wlum it. reaches tln^ surface it to i 
Heat, without aceexss of air, can remove only about 30 ; 
sulnhur orieinallv in the ore. 
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The ore In furnace No. 1 was roasted under normal conditions; the bed 
of ore was about 2 1/2 in. deep; the angle of the rabble blades was 22 1/2 
degrees, and the ore was about 21/2 hours in passing through. In 
furnace No. 2 the angle of the rabble blades was changed to 12 degrees, 
which resulted in having the bed about 4 1/2 in. deep; the ore remained 
in tiie furnace about 5 hours to get the same capacity. All the other 
conditions remained the same, so far as they could be kept the same. 


Test No. 1 


Sulphur, raw ore, 

I Koliiblo, 

ins()lul)lc‘, 

total, 

Assay, roasted on*, gold, 

Assay, chlorination tailings, 
Extraction, 


Furnace No. 1 
90 tons per day 
2 . 63 per cent. 
0.73 per cent. 
0.17 per cent. 
0 . 90 per cent. 

1 . 07 oz. 

0.09 oz. 

91.5 percent. 


Test No. 2 


Sulphur, raw ore, 

I soluble, 
insoluble, 
t.otal, 

Ansay, roast<Hl ore, gold, 

Assay, chlorination tailings, 
Extraction, 


Furnac(', No. 1 
100 tons p(‘r day 

2 . 80 per chuiI.. 

0 . 79 per ccuit. 
0.14 p(‘r cent. 

0 . 93 per cesnt. 

1.80 oz. 

0.12 oz. 

93 . 3 per cent. 


Test No. 3 


Sulphur, raw ore, 

( soluble, 
insoluble, 
total, 

Assay, roast(*d ore, gold, 

Assay, chlorination tailings, 
Extraction, 


Furnace No. 1 
100 tons per day 
2 . 62 p(u cent. 

0 . 76 per cent. 
0.14 per c(*nt. 

0 . 90 per C(uit. 
1.90 oz. 

0.12 oz. 

94 . 0 per cent. 


Furnace No. 2 
90 tons per day 
2 . 53 per cent. 
0 . 94 per cent. 
0 . 26 per cent. 

1 . 20 per cent. 
2.22 oz. 

0.28 oz. 

87.4 percent. 


Furnace No. 2 
70 tons per day 
2 . 75 per c(;nt. 
0.72 per cent. 
0 . 25 per cent. 
0.97 per cent. 
1.19 oz. 

0.19 oz. 

85 . 3 per cent. 


Furnace No, 2 
70 tons per day 
2 . 50 p(ir cent. 
0 . 59 p(T cent. 
0 . 23 per cent. 
0 . 82 per cent. 

1 . 08 oz. 

0 . 29 oz. 

73 . 0 per cent. 


In furnace No. 2 it was soon found that a capacity of 100 tons per 
day was out of the question. The capacity was at once reduced to 70 
tons to give, what at least appeared to be, a fair roast. The bed of ore, 
+ 1 nn +.nna wna iiliAiit -Hi in witlt 70 
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It will also be seen from the sulphur analyses that while in test 
the sulphur is higher in furnace No. 2 than in furnace No. 1, in 1 
and 3, it is lower; nevertheless the extraction was not improved- It ' 
noticed, however, that the insoluble sulphur in furnace No. 2 is abnoi 
high as compared with the insoluble sulphur in furnace No. 1. 
evidently due to lack of air, and perhaps higher temperature, in fi 
No. 2 to get approximately the same total sulphur elimination as in fi 
No. 1. 

By increasing the bed from 2 or 2 1/2 in. to 4 or 5 in. which ; 
the penetration of the air more difficult, the capacity was reducec 
100 to 70 tons per day, and the quality of the roast was very in 
notwithstanding that the time of roasting was practically doubled 

The ore in these tests was crushed to 12 mesh, and chlorin. 
hours with a chemical charge of 15 Ib. of bleach and 20 lb. of ac 
ton of ore. 

The time of roasting, of 5 hours, in reverberatory furnace ] 
may be compared to the time the ore is subjected to roasting in a 
furnace, which may be considered about half a minute; or 1 / GOO of tin 
The temperature in both cases may be considered the same; the difl( 
in the results, therefore, is due to the difference in air supply. 

Interesting experiments were made in Denver to determine the 
of an abundance of air supply ixi roasting charges of 2000 lb. of 
a hand-rabbled reverberatory furnace. In these experiments, so: 
the charges were roasted in the ordinary way, wliile in others ar: 
ment was made to pass air through the iruiandcscent roasting ore 
by up-draft and down-draft; other conditions remained the same, 
experiments proved that the capacity of the furnace, due to the 
air supply, was trebled in roasting a heavy Bulphido ore; an a|)prc' 
saving of fuel was effected, and the sulphur elimination was more p< 

The amount of air required in practice in roasting is (uiormov: 
excess of that required to combine with tlie sulphur and otheu* elei 
Theoretically, at least, the air in all parts of the furnace should h 
as pure as possible; on the other hand, the cost of heating a large v 
of excess air is considerable. In practice, therefore, the best rcHul 
be obtained by carefully balancing these two opposing factors. 

The amount of sulphur dioxide in the flue gases for effective 
ing should not exceed 2 per cent. When the sulphur dioxide 
furnace atmosphere reaches 4 per cent., roasting becomes slow; 
it reaches 8 per cent., it becomes very slow; and when it reaches 
cent, and over, the reactions practically cease. 
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It is evident that the roasting is facilitated by frequent rabbling 
])ut tile frequency of the ral:)bling is limited by the rab]:)ling mechanisn 
in meivhanical furnaces, and by the fatigue of the roasterman, in hand- 
rabbled furnaces, ''.riieoretically, the more the ore is rabbled, the bettei 
will be the roast, and this theoretical condition should be approached ai 
closdy as possible. It is for this reason, more than all others, thai 
mechanical furnaces give a much better roasted product than hand- 
rab])led furnaces. No hand rabbling, on a large scale, can approacl 
the frequency and uniformity of mechanical rabbling. 

Effect of Metallic Sulphides if Heated with Exclusion of Air. — Gok 
and platinum can be completely desulphurized. The sulphide of silvei 
(AgS) nunains uudecomposed. The sulphides of arsenic, antimony 
and meriuiry, volatilize unchanged. Iron pyrites (FeS^) gives up 2c 
per cent, of its sulphur, and is reduced to magnetic pyrites (FcgSg), whici 
by a si.rong luuit may lie nuluced to ferrous sulphide (FcS). The ferrom 
sul|)hide is not furtluu’ reducible. Of the copper minerals, chalcocite (CU 2 S) 
is not dec, om posed, but tlie chalcopyrite (CuFeS^) loses only one part oi 
th(‘ sulphur whi(‘li is combined with the iron. Galena (PbS) is reduced 
to a low(;r st.agc; with separation of metallic lead. 

Sulphur. ~Sul I )hur usually occurs combined with the base metals iih 
sulphide, but not infrcKpumtly the ore is higlily charged with sulx)hates 
du(5 to ])a,rt,ial dec-ompositioTi by atmospheric and aciiieous agencies 
Sulphur, comlhiual with some of the metals as sulphide or sulphate, it- 
highly injurious in the liydrometallurgical process; and if occurring in 
larger (puiniith‘s, it is fatal. Many of the sulphates are acted upon by 
acids; in any cases the solultlo sulphates affect the leaching solution 
injuriously. In tlm c,yanid(i process soxtic of the sulphides, as for example 
pyrit(‘, ar(t not |)articmlarly injuriouB, while most of the sulphates offer 
difliimltirts. In th(i chlorination process, the sulphur in c()ml)inati()n 
with sonu^ of tlui imd^alH is displaced by the clilorine, whicli itself unitefi 
with the mel.al or aetts as an oxidizer. In either case, the chemicals arc 
cousuiiuhI by r(‘a(d;ing with the base elements, and arc not available for 
aedion on th<‘ d(‘Hired medals. Roasting, in any event, largely overcomes 
thesex difficulties, and in many cases practically eliminates them entirely. 

Bulphur is rarely, if ever, entirely eliminated during the roasting. 
Fre(|ueirtly that which remains is not injurious to the process. The 
sulphur, as sulfjhidc or sulphate, may be encased in quartz partichis, or 
it Hiay be in the ore as sulphates of the alkali metals or of the alkaline 
earths. So combined, it is not rej)lacable by any of the chemicals ordi- 
narily used. The sulphates of sodium, potassium, barium, calcium, and 
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Most of the sulphur in either copper, gold or silver ores is us 
combined with iron, as iron pyrite (FeSg). One of these atoms of sul 
may be distilled, or be burned to sulphur dioxide at a low tempera 
In the roasting of sulphides, sulphur dioxide is exclusively formed, 
the presence of air, by catalytic action with indifferent substances 
as silica or iron oxide, there is always formed a small amount of sul 
trioxide, which with the moisture of the air and that contained in th 
and fuel gases, gives sulphuric acid. 

The elimination of sulphur from concentrates or heavy snlj 
ore is accompanied by the evolution of considerable heat. Concent 
containing from 25 to 35 per cent, sulphur are frequently roasted do^ 
5 per cent, by the heat generated from their own oxidation. Thirty 
parts of sulphur, in combining with 32 parts of oxygen (that is, for; 
SO 2 ), evolves 69,260 heat units; and if the oxidation proceeds to 
91 ,900 heat units are evolved. These figures may be compared with i 
which correspond to the passage of carbon into carbon monoxide 
and carbon dioxide (COg) when 29,160 and 97,200 units of heat, re£ 
tively, are evolved. The evolution of heat by the rapid oxidatio 
sulphur is practically demonstrated in the various sinter-roas 
processes in which copper and lead sulphide ore and fines are fused 
a coherent mass by the heat from the sulphur alone. 

The elimination of sulphur, in roasting, varies greatly with diff( 
ores. Some forms of pyrite are more difficult to roast than ot 
Unoxidized ores from the deeper levels of a mine are more difficu 
roast than the partially oxidized ores nearer the surface, even th( 
the sulphur content of both is approximately the same. The chei 
composition of the ore, aside "from its sulphur content, has much t 
with the roasting. Ferrous sulphate, for example, is much more e 
broken up than zinc sulphate, or than the sulphates of the alkali( 
alkaline earths. Ore containing much lime is likely to be high in sul 
after roasting. 

In some of the Cripple Creek ores having 2.75 per cent, sulphur 
best extraction is frequently made, and without undue consumptic 
chemicals, when the roasted ore contains from 0.60 to 0.80 per ( 
sulphur. When the total sulphur in the roasted ore is less than 0.4( 
cent, the tailing are usually high. Other Cripple Creek ores, whicl 
partially oxidized, give the best extraction when the sulphur is from 
to 0.50 per cent., the insolubles usually going from 0.03 to 0.08 per c 
and the solubles from 0.35 to 0.40 per cent. 

It is customary in many of the mills to make frequent sulphur d 
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whicih is solubles in boilino; water; usually a little sodium carbonate i 
added b(d‘or(‘ boiling. 

The })r(>gr(‘ss in tlie elimination of the sulphur, when treating lOi 
tons of (h'i{)|)I(^ Creek ore daily in large mechanical furnaces, is showi 
by th(‘ following sampk^s takem at various points in the furnace during tin 
roasting. Tlu^ orc^ riunaiiHul in the furmutc about 2 3/4 hours, so tha 
th(‘ distance^ in bn^t, frojn tin^ feed will also closely represent the tim 
in minut(\s Tor the ore in (he furnace, when the r(\spcctive samples wer 
takcni. Th(‘ or(‘ was rabbk‘d ewery 17 seconds. The results are average 
of a larg(‘ nunilxn- of sets of samph^s taken from three different furnaceir 


th(‘ ore. No. 3 was (,ak(Mi from a typci of furnace totally different froii 
t}u‘ ollnu's. Tln^ on* Ix'forc^ roasting was crushed to 32 mesh. 

No. 3 furna{‘(* hatl a n^volving Inearth a.nd was fired at a lower tern 
}K*raf.ur(* than tln^ oth(*rs. Notwithsta.nding the liigh sulpliur conten 
in (in* roastxxl on^ fr<U!i No. 3, the (extraction by chlorination was al)ou 
(In* sann* as for Hut o(Ji(*rs. ddut tailings from No. 2 W(*re somewha 
high(*r (han from No. 1 ; this wa.s doubtk'ss due to tint fact that in No. 2 
wi(h (,hr(*(* (ir(*-box(*s, (lu* on* luid to be roa.s(,(Hl at a higlua* tcunpcu’atur 
(han in No. 1, which liad four (ir(*“box(*s. 


PHOCHKSSIVH SUbl^lIUll DMTKKMI NATIONS MADE IN ROASTING 
(‘RIPPLE (‘REEK ORE, IN KUltNA(!ES HOASTINCJ KK) TONS 
OF ORE DAILY 


I' tirnurn N«». .1 (I'Vmr I'U’o Uoxcm) 


Satnplo takru, («M't (.ahiu 
upproxuuat** tiiiio ia 
mill.) from IihmI 

I S'itiUiro 
(ff lin* l»ox 
fmm fiM'U 

itt fl'Ot 

{ tlHol, 

Suliilmr 

SoluEii 



IM'r ronl 

pc’r oi'u < 



i 2.«() 

0.(K) 

-15 ft. 

Mimiti'fi. 

r.f» 

1 O.NO 

o.:m 

(sri ft. 

'MiiujIi'M, . 

72 

1 O.ll 


UM) ft, 

Mimitcj-i 

120 

! 0.22 

0.00 

JfH) ft. 

MinutrH . 

^ MO 

0,M 

o.oa 

Cooker 



O.IO ! 

1 0.0« 


O’otal 
pi'r oojii. 

2.00 

OilToranco 
ami <lifT<*r‘ 
ouco in par 
(nai t. 

Pi'i* at'iit 
of H <umi“ 
purl'd to 
raw oro 

P(^r cont, 

of S (lOIH' 

pan'll to I 
('liminaU 

E20 

l.-10;70 

r>4 

7ti 

0.00 

1 0.30 ; 10 

05 

02 

0,83 

0,07 ; 4 

OH 

00 

0.77 

0.00 ; 4 

70 

UK) 

0.70 

O.Ol 




I''unuu’o No, 2 ('I’hrt’o Firti«l)oX4w) 


Haworth,,. . 2.;iS j U.(K) | 2.5H I,.,,.. 

.i:i ft. Mifiutfs. . .. .. ■ i.r»i ! ! i.7:j i o.sfi ; ‘ir) * aa i An 
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Furnace No, 3 (Revolving Hearth) 



2 54 

0.00 

2 . 54 






1.12 

0.29 

1.41 

1.13 

73 

44 

73 

70 min. from food - • • 

0.30 

0.80 

1.11 

, 0.30 

20 

5(5 

93 

105 min from feed 

0.17 

0.93 

1.10 

! o.oi 

1 

50 , 4 

94 

165 rain, from feed (roasted ore) .... 

0.10 

0.90 1 

1.00 

i 0.10 

1 

i) ' 

<>0.4 

lUO 


In these results it will be noted that much of the sulphur was driv< 
off early in the operation, and before passing the first fire-box. '’Jd: 
is a practical demonstration of the instability of the first atom of siilph 
in iron pyrite. The difficulty of eliminating the last 25 per ccuit. 
apparent; the difficulty of eliminating the third 25 per cent, is consiclorabl 
Only a small fraction of ‘the total sulphur is expelled during the last K 
minutes of the 160 minutes of roasting, while a large portion (about on 
fourth) still remained in the ore. Roasting a low-sulphur ore down to 
trace is evidently as difficult as to extract all but a trace of t-iu! nu' 
als. Roasting sulphide ores down to a ''trace of sulphur^' and extra(* 
ing all but a "trace of the metals” are operations frecpKuitly spoken 
but rarely truthfully realized. 

It will be noticed that only from 60 to 70 pen* (unit, of tin* sulpin 
was eliminated in these roasts. It is safe to say that fully two»thir( 
of the total fuel was consumed in expelling only a small fraedion of 
per cent, during the latter half of the operation. In tlu^ ordinal 
reverberatory furnace there does not appear to any ad(»<|uati^ gai; 
in the latter part of the roasting, for the fuel cxpendcKi, 

The tables of the progress of roasting give a fair idea as to the rat.e < 
decrease of the insoluble sulphur and increase of the Holul)le Hul|>hu 
After the first 65 or 70 minutes, the principal n^sult accoinpliHluui b 
roasting, is the changing of the remaining insoluble sulphur to tl 
soluble. In furnace No. 3, for example, there is only a diff(!rc‘nc(^ eff 0. 1 
per cent, in the total sulpur, between the roasted ore and tlu^ firnt 7 
minutes of roasting,, but for the remaining 85 minutes, 0.30 {ler cum 
insoluble sulphur was changed to 0.10 per cent., and tins rc^presents tl 
difference between a good and a poor roast. 

It sometimes happens that the sulphur in the roasted ore from tl 
cooler is higher than the discharge from the furnacje; this may })e m 
counted for by the fact that the rabbles frecpiently push more or Im 
partly roasted ore ahead of them in the grooves made by the prec.edin 
rabble, or the rabbles themselves may carry partly roasted ore throng 
the furnace and discharge it on the cooler. 

Within certain limits, the sulphur content of the roasted ore does iic 
appear to affect the extraction; beyond these limits the effect is markec 
Nothing would be gained in extraction by roasting the ore represente 
in the tables to say 0.05 per cent, insoluble and 0.20 per cent, to 0.40 pc 
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cent. solul)le sulphur, while the extra cost of roasting to such a 
phiir content would be enormously increased. There would 
high tailings from ovciiicating. 

Tiiere is quite as much danger of over-roasting as under-r 
Ore roasted too much will give high tailings, nor can these tai 
materially reduced by repeated cliarges of chemicals. If ore k 
roasted, repeatesd charges of chemicals may be necessary to 
desired extraction; but the tailings will be reduced each time, a 
mately the limit of extraction may be obtained. 

An expeu-iment was made with a 100-ton furnace to detern 
eiY(jct of ultimate roasting on the extraction. The furnace w 
und(U' normal conditions; but instead of treating the ore after 
passages through tlu^ furnace, it was returned again and again for 1 
It is needless to say that the ore was roasted ^^dcad^^; neverthel 
charges of clumiicals on this ore failed to give even the average ext 

One of th(j ess(vutial features of roasting is to find the sulphu 
ininations which will give the best results, and to find the point 
low(vr suli)hur contemt will not api)r<Huably inc.rcnisc the ext 
Tluj sulphur in the roasted ore, from one mine or from one distric 
has })rov(^d to give the best nnsults, might be fatal to the treat 
on^ from auotluir district. This is largc^ly due to the way in wl 
sulphur is combin<i<L Holuble sulphur, as sodium or potassium si 
is unaff(u'.t(ul by the clnunical solvents; if the same amount of 
w(U’e (‘.ombined with iron, as hu'rouB sulphate, the roast would 1 
lut('Iy worthl(‘SH. Again, the insoluble sulphur, as barium or 
sulphate, is not particularly dc^trimcntal to the BubBequent tre 
but if thc^ sauHi amount of sulphur is combined as Bulpliidc, it is aim 
to 1)0 fatal. Insoluble sulphur does iiot necessarily imply t 
Kulpliur is in thc^ form of stilphide. 

In tlu^. roasts, as shown in tlic accompanying tal)les, the i 
plud(^ was practically eliminated at lOO ft. from, the fc^ed, and 
(‘liminated at 120 ft. In soixio instanccB it was totally elimir 
100 ft., as shown by the ft‘rricyanidc test, which did not prod 
usual (h*li(uite nuiction for iron. Tlio fcrricyanidc test, except for 
a rougli didcuuniuation, is absolutely worthless, since it shows ( 
sulphur combined with the iron as soluble sulphate. It fre 
happcuiH that the ore is far from being roastcxl, when the Bulphat< 
is all decomposed. 

The barium chloride test, except as a rough indication, is als< 
less, since it precipitates sulphur that might be considered as j 
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temperature would be required to break up the sulpha! t‘s of tl 
earths, and such a temperature would l)e detriment a! tla* cavi 
the desired metals. 

A direct sulphur determination seems to l)e only way of 
the roast with any degree of accuraenn It is not ho inueh a 
absolute refinement in the sulphur determination as long as I 
are uniform. Nevertheless, care and acamrac^y an* esscuiti: 
formity. The essential idea of the sulphur dt‘t(*rinimit ion is t 
the quality of the roast as compared with the extraf-tiou. It i 
material whether the sulphur is relativel}" higli or low. If 
sulphur determination indicates a good or a Inul roast one* day, 
ally at least, it should indicate the same at any other lime. It 
that these ideal conditions cannot always l)e n‘alizf*fi, !H*eause 
ing conditions of the furnace change from time timt*. Foi 
ore which is over-roasted for four hours on a shift and iiiui 
the other four, if averaged, might give the Batne Hulphiir 
as ore which had l)een evenly and uniformly roasteti for ilit* I 
hours; but the tailings would l>c entirely in favor cjf flu* he 
Unless it is known that the eonditioiis op«‘rafiiig tin* fitrii 
changed, it is fair to assume that they liave nniiaiinni t in* saiia 
is usually the case in well conduett'd phuiis. 

In order to get uniformity in tlui rciasting ojH^ratiiUi ai 
roasted product, it is essential that the raw ore fi*d iitto lli 
should average about the same in sulpluir. If t!ie ore m 
different mines, or from different levels of the same mini*, it 
mixed. Extreme care in mixing m md1iif*r necesHary nor ] 
It is more economical to build the furnace of airijih* eapafil; 
small variations in the ore wall naturally be tiikmi can* iifnli 
conditions of operation. 

The quantity of sulphur whi(‘h roasted ore itmy rfiiitiiii 
particular detriment is varialde, dc^pending largely upon the 1 
nesia, and lead. 

Careful tests have demonstrated that an almnciaiici* of iiir i 
ducive to the formation of sulphates. Air dcH*H not iippeiir to 
sary to decompose sulpliates; nevertheless, wlum it i« i 4 ii|i|.ilir»d 
dance the decomposition of the sulpliates is greatly 
substances, by catalytic action, may also aid in their decoiitjirw 

Decomposition Temperature of the Various Sulphates.— ^ 
ception of lead sulphate, all tlie common mc*tallic Hiil|i!iiite« 
pletely decomposed upon heating, into metallic oxide, Hiilpliiii 
sulphur dioxide, and oxygen. Some give up their trioxide : 
low temperatures, others require considerable heat and rriuci 
be completely freed from sulphur. Kerl, in 1881, arranged 
ciple metallic sulphates, as they are decomposed by a riniiii 
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atiire, in the following order: silver^ iron, copper, zinc,, luckel, (u)bult 
nningiuu'Hc, nnd l(‘iul. Lend sulpluite is dec()ni])ose(l only nt n whiti 
heat, IL’iidford^ found that ferrous sulpiiate is de{a)in]>osed at r)9(h’ 0. 
cupric sulpiiate at 05;^ C,, and silver sulphate at 1095^ C. 11. 0 
llofinan*' found that zinc sulphates is decomposed at 729"^ 0. 

In the |)r(‘stuu‘t^ of air and ot.her gases, and various oi«her siibst-ance; 
in the on;, ih{‘ tiunpcu'ature of the d(H*.oinposition of the various nud.allii 
sulphate's may be vitally afTect<‘d. The de'compositiou of silver sul]>hat.< 
takc'S |)Iace at from 890 to H7ir C. in the {in'semce of eiijiric^ oxide, silica 
and ferric oxid{\ In tlu^ ])r('senc(^ of n'ducing gases, silve'r sulphati 
is d(‘compos(*d at a V(‘ry moderate lu'at , rc'sulting in the formation o 
metallic silvcu*. 

Prof. H. (). Heifman and W. Wanjukow (hdermiiKHl the d{'com])ositioj 
teunpm'ature of some nu'tallic sulphates in a (uirn'iit of air, as follows: 

DPrOMPOSmON TLMPICH.ATUH.L of VAKiOUS SULPIIATLS 
I Tomjxu'aiuns 


Sulphate Product 

Deg. D<‘g. F. 

FeSo. j ir,o :u)‘j 

F(>,(S<),),, I r.:«) iis(i F.-^o,, 

Bi,(S(),), ! S-IO 

<’nS(), I 05:! 1207 2(:u()S()., 

MiiSO, i OHO I25(i Mil., (>4 

2CuO.S(), i 704 1200 CnO 

KiSO. ' 70H i:!0(i NiO 

CdSO, 71H i;i2t CoO 

ZInSO, 7;i0 l:ic>2 ZnO 

('(ISO. KIO 1520 5(',10.S0, 

5Bi,0,,.-l(S0„),, ’ K50 1502 Hi,O.T 

OCdOSO,, ! : ,S75 1007 CdO 

(laHO. ; 1200 i 2102 CaO 

BaSO. i 1500 ; 2702 BiiO 


(N<*w York meeting of tht* American lustiliute of Mining h]ngin<H*rHj, F(h., PJI2.) 

Amotint of Sulphur Trioxide, (SO.,) in the Sulphur Dioxide (SO. 
Escaping from Roasting Furnaces* — In tlu^ roaslitig of S])anish p} 
rites for the manufacture of sulphuric acid it, was found tluit from 2 to 
per cent, of all the sulphur dioxides was converg'd into sulphur trioxidc 
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pyrites, containing 48.62 per 
of air; 


Sulphur obtained as SOg, 
Sulphur obtained as SO 3 , 
Sulphur in residue, 
Sulphur lost, 


cent, sulphur, in a glass tube, in a cu 


1 

88 . 02 per cent. 
5 . 80 per cent. 
3 . 42 per cent. 
2.75 per cent. 


2 


88 . 78 per cent. 
6 . 05 per cent. 

\ 5.17 per cent. 


Of the sulphur of the burner gas there were present : 

1 2 

As SO 2 , 93.83 per cent. 93 . 63 per cent. 

As SO 3 , 6 . 17 per cent. ^ * 37 per cent. 

Two experiments were made in this way; in the glass tube 50 gr; 
cinders, from the same pyrites, in pieces of the size of a pea, were 

pletely freed from sulphur by ignition, and fresh pyrites burned as b( 

the gas passing through the cinders. There were found; 


3 

Sulphur as SO 2 , 79 . 25 per cent. 

Sulphur as SO3, 16 . 02 per cent. 

Sulphur in residue and loss, 4,73 per cent. 


4 

76 . 90 per cent. 
16 . 84 per cent. 
6 . 26 per cent. 


Of the sulphur in the burner gas itself there were present ; 

3 4 

As SO 2 , 83.18 per cent. 82 . 00 per cent. 

As SO3, 16.82 per cent. 18.00 per cent. 


Experiments made by Scheurer-Kestner with gases from 
naces roasting pyrites for the manufacture of sulphuric acid show tha 
sulphur trioxide is quite variable. One set of determinations 
made from two samples taken at various times from a lump kiln bu 
. and the other from a Maletra fine ore burner. 

The average results of these experiments were: 


Lump burner, 
Fine ore burner, 


Vol. 

per cent, 
of SO 2 
7 . 5 per cent. 

8 . 9 per cent. 


Sulphur converted 
into SO 3 ; per cent, 
of total sulphur 
3 . 1 per cent. 

3 . 5 per cent. 


The presence of sulphuric acid in the sulphur fumes, cspcc 
those from muffie furnaces, is interesting as showing the formatic 
sulphuric acid, probably mostly hy catalytic action. This is cl 
shown in Lunge's experiments Nos. 3 and 4, where the sulphur die 
was passed through a column of roasted ore, mostly ferric oxide, 
the amount of sulphur trioxide increased from 6.17 per cent, and 
per cent, as shown in experiments 1 and 2, to 16.82 per cent, and ! 
per cent., as shown in experiments 3 and 4. The amount of sulpl 
acid in the fumes is also interesting from the fact that the acid { 
absorbed in water has been used as the solvent in leaching copper 
mostly, however, after chloridizing roasting. 
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Sulphur Determinations. — The following method of making sulphu] 
determinations is used in Cripple Creek mills, where from 30 to 4( 
anal 3 ^ses are frequcntl}'' made daily. Instead of determining the soluble 
and insoluble sulphur from one weighing, two weighings are usuall} 
made; one for the total and one for the soluble sulphur. A complete set 
of samples for one shift consists of an average sample of the raw and roastec 
ore from each furnace. In this way a check is kept on the work done 
by the different shifts. 

The frequency with which sulphur determinations are made depends 
upon the uniformity or changeableness of the ore. When ore is roastec 
for a hydrometallurgical process it is the most important and one of the 
most dedicate steps in the entire treatment, and any indication of the 
work done l)y the different shifts is desirable. 

Total Sulphiir , — Weigh 1.373 grm. of the finely powdered ore into 
No. 4 cass(n-olc. Add 10 et.c. of a saturated solution of potassium chlorate 
in nitric a(dd. Cover with watch glass anel boil to diyness. Add 10 c.c, 
(15 c.c. for concentrates) hydrochloric acid. Evaporate down to about 
one-lialf. Add 100 c.c. hot water and boil slightly. Add ammonia until 
a j)recipitate of ferric hydrate forms, and then add 10 c.c. of a saturated 
solution of ammonium carbonate. The ammonium carbonate is to convert 
any h^ad sulpliate to carbonate and thus render the comlhiKMl sulplmi 
trioxide soluble as ammonium sulphate. Heat to boiling, remove froir 
tiu^ heat, lot settle, filtei', and wash thoroughly five or six times. Acidu* 
lat(‘, the filtrate with hydrochloric acud, and tlien add 5 c.c. in ex(u\ss 
Ih)il, and while boiling add a hot solution of barium chloride in slight 
<‘xc(\ss. lioil a few minutes longer and let setthn It is T)est, bcvforc 
filtcuing, to let the mixture remain hot or boiling slightly, as long as jios- 
sible, whic.h greatly facilitati^s the filtering. Filter through a 9 cm. fil« 
ter, and wasli at h^ast six times witli boiling water. Ignite, and weigl: 
the barium sulphatm 

Sinc(^ 1,373 grm. were taken, the percentage of sulphur in tlie ore ma} 
ho YOiul directly from the scales, 100 milligrm. of liarium sulphate b(un| 
equal to 1 per cent, of sulphur in the ore. In weighing out the 1 .373 grm 
of ori^, instead of making the weighings with the usual gram and rnilligran: 
weights, a lead button or disc is carefully made so as to weigh 1.373 grm. 
and tins lead liutton is then always used as the standard weight in making 
sulphur determinations. 

If 1/2 grm. of ore is taken, as may be desirable with ores higli ir 
sulphur, the weiglit of the barium sulphate must be multiplied b} 
0.1373 to o1)tain the weight of the sulphur. To ignite the liarium sul- 
phate, the filter, with the precipitate, is placed in an annealing cup anc 
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In some of the Cripple Creek mills the step of adding ammonig 
ammonium carbonate is omitted. 

Soluble Sulphur —'Weigh. 1.373 grm. of the finely pulverizec 
into a No. 3 casserole. Add about 1/2 grm. sodium carbonate 
20 c.c. of water. Boil 5 minutes. Remove and filter; wash thorox 
four or five times with boiling water. Add 10 c.c. hydrochloric 
to the filtrate, boil, and while boiling add a hot solution of ba 
chloride in slight excess. Boil, a few minutes longer and let s< 
Filter and wash at least six times with boiling water. Ignite by pL 
the filter and precipitate in an annealing cup and burn in the mufB 
white. Weigh as for the total sulphur. 

Insoluble Sulphur, — The insoluble sulphur is determined by 
tracting the soluble sulphur from the total sulphur, by taking the 
weighings from the same carefully mixed sample, arid making a so' 
determination on one, and a total determination on the other. 

If it is desired to make the two determinations from one wei^ 
it is first treated for the soluble sulphur, and then for the insolubh 
treating it in the same way for the total sulphur. 

Tellurium. — Tellurium, the analogue of sulphur, is a common ; 
ciate of copper, gold, and silver ores. In recent years it has been f( 
that this element is associated with gold in almost all of the great mi 
districts of the world, even where not long ago its presence was ui 
pected. It is very common in Cripple Creek, Colorado, in Goldl 
Nevada, and in the Kalgoorlie mines of Australia. It occurs, tin 
less conspicuously, in the black hills of South Dakota, in the M 
Morgan mine in Australia, and in the San Juan mines of Colorado, 
gold in many of the richest mines in the world is associated with t 
rium and sulphur; the ore is then known as a sulpho-telluride, altln 
the tellurium is rarely, if ever, found in gold, silver, or copper mix 
unaccompanied by sulphur. Tellurium also occurs quite univerf 
associated with copper, but in quantities so minute as to be of no sp 
metallurgical importance. Many of the copper ores of Arizona, Bi 
Montana, and of Australia contain small quantities of tellurium — re 
exceeding two or three hundredth per cent. The matte from the Co’ 
Queen, Arizona, contains 0.00088 per cent, tellurium, while that f 
Butte contains from 0.001 to 0.01 per cent. The anode slimes f 
electrolytic copper refining, at Butte, contains from 2 to 3 per c 
tellurium and selenium, and in some electrolytic refineries the sli 
contain as high as 5 per cent, of these elements. 

In the roasting of telluride ores, the tellurium of itself is not of 
great metallurgical importance. At the most, the quantity of it is usn 
exceedingly small as compared with the sulphur and other constitue 
Cripple Creek is widely known as a telluride camp, and yet mill sam 
rarely show more than a trace of tellurium, and frequently not t 


OXIDIZING ROASTING 


33 


Kalgooiiie is probably the richest tellurium district yet discovered, and 
yet typical ore analyses show only from 0.03 to 0.10 per cent, of tellurium. 

Nevertheless, tellurium is often a source of anxiety to the metallur- 
gist. In sulphide ores the metals, principally gold, are usually fairly 
evenly distributed through the rock, and the mineral contained in the 
rock; but not so in telluride ores. By far the greater gold values are 
intimately associated with the tellurium, so that where a speck of tellur- 
ium occurs, there is likely to be associated with it an appreciable quantity 
of gold also. Tellurium, unlike sulphur, is not usually evenly distributed 
through the rock. It is ordinarily concentrated within small areas and 
cleavage planes. The greater portion of the gold in a ton of telluride 
ore is frequently concentrated in a few rich places. It is this character- 
istic of telluride ores, as in ores containing free gold in particles of 
appreciable size, that makes their treatment difficult by a chemical 
process. 

Tellurium fuses at 500® C. (930® F.) and volatilizes at a higher tem- 
perature (from 550 to 575® C.). When roasting in an oxidizing atmos- 
phere, it burns with a blue flame edged with green. Sylvanite melts 
easily tinging the flame greenish-blue. The tellurium combines with 
oxygen to form tellurium dioxide (TeOg) which corresponds with the 
sulphur dioxide (SO 2 ) formed in roasting sulphides. 

The gold compounds of tellurium, usually sylvanite, petzite, and 
calaverite, all fuse at a low heat, forming at first a globular mass, which, 
when the tellurium is all volatilized, leaves behind a speck of gold of 
definite proportions — ^frequently like a pin head. If the telluride par- 
ticle is roasted at a low temperature, this speck of gold will be very porous, 
and present a large surface for attack by the chemical solvent. If 
roasted at a sudden very high temperature, it is likely to be round and 
smooth; in this condition the solvents have no appreciable effect on it in 
the time ordinarily given by a chemical process. When, however, the 
tellurium is largely associated with sulphur, the sulpho-telluride particle 
will not fuse, but the sulphur and tellurium will be driven off, as in the 
case of sulphides, leaving behind the gold disseminated through the 
ferric oxide particle. If the gold, in. roasting, issues from its telluride 
combination in a shotted form, the best recourse, after the chemical 
treatment, is concentration. This has proved quite effective. The 
gold, although usually having a bright yellow appearance, does not amal- 
gamate well. Amalgamation has been tried repeatedly, but has not 
proved the success that was anticipated; nevertheless, there seems to be 
no logical reason why it cannot be successfully accomplished. 

The difference in the roasting of a grain of sulphide and a grain of 
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through it in perhaps microscopic p-^rticles; in the telluride, oi 
contrary, unless the utmost care is taken, the grain is likely to fuse i 
plastic mass, from which all the gold contained in it will finally ei 
concentrated into one particle. The solvent, as subsequently a|” 
to tile roasted sulphide piarticle, will extract a very high pcrcenti 
the i^okl in a very short time; while the gold resulting from the roi 
of tile telluride particle would scarcely l)e affected. Some telluride 
are easily treated and show but little coarse gold, but the illusti 
given sliows why it is usual to find coarse gold in the tailings of tell 
ores, even when the chemical treatment has been apparently 
factory. It is highly pro])able also that some of the tellurium, by p 
fusion, may ])e convert tal into a conil>ound which is insoluble, and 
rc^sints further oxidation at higher temiHu-aturcs. This is frequent! 
(‘use in the (*arres|)oiidiug sulifiiur cornlunations, which are insolubk 
froni which it is diilicult to drive off inon^ sulphur by increasing the 

Tellurium is insoluble in water and in dilutee sulphuric and hyd 
loric acids. It is practically unaffeeded by chlorine, bromine, and 
assiiini cyanid(^ iUM and tellurium probably form true chmi 
cc)nTL|>c)unds; if this Ls so, it is cvidtuii that the gold cannot i)e cl 
C‘xtru(ded uxih^ss, in a incuisure, the tidlurium Ls deeompos(‘cl. (!ol' 
luriih's an^ vtay (aunpaci and do Jiot pm-mit of much penetration by i 
Holvimt. It is largely due to fac-ts that roasting of hdhirix 

desirable to g(‘i low tuilings })y a solvent pro(‘(\ss. 

Then* is no apprecaabhi loss of guld by volatilization in the roi: 
of icdlurid(‘ ores, although at veiy high leiii|Hu-atureHHomegold is<lou] 
vnhitilizc^d with the tellurium. Ordinarily, howev<*r, tlu! conditio 
roanting ant such that tlie tellurium in venial ilized before tint tem|>er 
m Biifficicuitly high to volatilize any of f lu* gold with it. On comp 
the aHsays of tlie raw orv. with the ruaHtrai ort‘, in mills treating bu 
ielltiride orc‘H, no loss ly volatilizat ion is apparent with an oxit 
roant. Ncutlu^r doi‘s the dmst in tiie iIuhI chainbcu'S show a much h 
value in gold than the tjre from whiidi the clust- was (d)tained. TIu^ i 
diffcu'cncv in value can be accountcci for liy the fact that the goli 
ues in the ore are largely confined in tlic^ Hulphides and tcdluridr»s 
owing to tlieir frialality a larger pmpmiion tff tlm dust wall rc.^sult 
theBC than from the fither constittmiits. If the gold were ai)prec: 
vohi-tile with the tt^Iuriuin, the on cooling in the dust cha 

would condense and ii|>{Knir, to Home extent, in the furnace dust 
tliere manifest itHelf in the assaya. 

ron is inHc*j>iiral>ly aBSOciated witii copper, gold and silver 
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Ferri(‘ oxide (FcnO,j), wliicdi should ])e tlie xiliinuite condition of the 
iron in all roa.st(‘d ore, is insoluble and praadbailly uiuiffeeted by all eheni” 
ical solvents of co|>|H‘r, ^‘old, and silver. It is iinniat(n-ial wludhcT t,he 
sohaniis are acid or alkaliin^, or wlu'ther they are dilute or soinewliat 
coiKuait rated. If iron gives any serious trouble in roasted ore, it is 
eniir(‘ly due to inipca’fect roasting. 

Many raw orc^s contain considerable quantities of iron as solulde 
sulphate. This is V(‘ry pronouinjed in sonui mines, and particubirly, 
in the zoiui of partial oxi<lation. When this oc.eurs in a|)pr(‘cia])le 
quantit i(‘s, t he t nad nient of tlui raw ore by any of the (‘.heniieal proc(\sses 
beconH\s difhcmlt, and frequcnitly iinpossibh^, siiK^e all of the ehemicahs 
used in sohnuit j)roc(‘sses are quickly afbadxal by it. Washing the ore, 
eit heu’ with wabn* or dilute acid or alkaliiunsolutlons, is not aJwa.yserf{‘ctav(*. 
Roasting c*tT(‘c*tiv<‘ly reinov(‘S tlu^ dilhculty by converting the ferrous 
Hulpluit(‘ into the insolubh^ bu'ric oxid(i. 

Wlnui eo|)p(»r, gold, a, ml silv(*r on^s contain simply iron in a,ny of its 
various coinlunations with the usual <iua,rlz matrix, and without appr(v 
ciabl(‘ c{iuintiti(‘H of any ot luu* fonn’gn inatbu*, t^luy can bc^ roast.tal (juickly, 
thoroughly, and cluaiply, no nudhu* whad tlu^ sulphur (a)ni.(‘nt may be, 
ami the valu<*s (nisil}^ recannuaal with a high pcnaauitagxx of (vxi«ra.c.i ion. 

Iron, nssociabul with (top|){‘r, gold, and silv(‘r orc'S usually (xauirs in 
the f(unn of: 

The Oxide, Hematite (h e./)j,), with or witiiont t-Iu^ wa txn’ of hydration. 

The Sulphiili*, l^yrite 

The Oarbonateg HidcuiU^ (FeOO.,), wlueh, whih^ (U)nunon, is m)t gcuu'ral. 

When Hidc‘rit(i is roasbal it is (hatompost'd aoeording t,o t.lu^ nniction: 

KeOOg K(‘0 1 OO., 

ami the molcanihx of Fed) is md)S(‘(pn‘ntly conveni.eel t,o Ft'/l.^ l>y taking 
oxygen frcuu tin* air. The roa-stcul carbonates may l)c‘ strongly mag- 
netic. The^ leunpeu’ature^ must be caredully n‘gubite*d, I, o avoitl sintering 
the* ong which l)e‘C!ause. of the* fuHil)ility of feu-roem euxide*. and silieni, may 
cniHily happem. Aeaiording to Lex Cluitolieu*, the* decoinposition of fer- 
reuiH ctarbonatex takers i)lac<.^ at HOif (J. (M72® 1<\). 

The oxidizeal iron, in copjxu*, golel, and silveu' veuns is usually the 
rcxHult of thci natural de‘composiiie)n of thex pyrite* l)y acpieous and utmos- 
plieric agexncdexH. Witli de*.pth in miners, bexlow the influemux of thcNsex 
age*iic!icxs, pyriiic onx will bo encc)uiit(u*ed, whiles at the) surface the ore may 
by pcxrfeedJy oxidizeni. 

The princdple objcKd.B to be gained in roasting thoroughly oxidixed 
ores are dehydriition and agglomeration, which much facilitatexs the hu1>- 
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Most of the iron in oxidized ores is in the form of ferric hyo 
known miner alogic ally as limonite (Fe 203 H-Fe 2 (OH)^). Ores v 
consist largely of other substances, such as quartz and clay, us 
have the characteristic yellow appearance of ferric hydrate. By roas 
the water of hydration is driven off, which converts the iron int( 
ferric oxide (Ye^O,). The color at the same time changes from y 
or brown to the familiar red of well-roasted ore. In some ore the r 
very intense. 

The ferric hydrate gives off part of its water at a temperature bet 
80 and 100^ C. (176 and 212° F.) and all of it at a red heat. In 
heat, in roasting oxidized ores, is not usually necessary, since sulp] 
in appreciable quantities are ordinarily absent. It is the sulp] 
which usually require a higher temperature for their decomposi 
Oxidized ores can be quickly and cheaply roasted; about all that is n 
sary is to bring the ore to a good red heat. 

The magnetic oxide, magnetite (FcgOJ, sometimes, though 
frequently, occurs associated with copper, gold and silver ores. T 
roasted at a moderate temperature, with an abundance of air, it 
be converted into the ferric oxide. Roasting with salt appears i 
much more effective in bringing about this change than a simple oxid 
roast. Both magnetic oxide and the ferric hydrate dissolve to some ei 
in acids, and in a smaller degree are converted by chlorine intc 
chloride. 

If iron is contained in the raw ore as pyrite (FeS 2 ), the 
action of the roasting is to expell one atom of sulphur. This shou] 
accomplished at a moderately low temperature and with an abund 
of air. The temperature in the early stages of the roasting shoulc 
exceed a dullred. As long, however, as the ore does not show any tend 
to adhere and form into small lumps there is not much danger of ( 
heating. It is well known that one of the atoms of sulphur in pyr; 
quite tenaciously combined with the iron, while the other is held 
by a feeble bond. In an oxidizing atmosphere at a temperatui 
about 315° C. (600° F.) the molecule of pyrite beings to be decompi 

The sulphur in pyrites, exposed to the direct action of the h; 
heated atmosphere in the furnace, is converted at once into dioxide, 
the deeper portions of the bed, where it is difficult for the air to j 
trate, the sulphur may be first volatilized, and on appearing at the 
face^ also burns to sulphur dioxide: 

FeS2+02=FeS4-S02 “ 
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55nlplinr trioxIde, and tlic sulphur trioxide c()nil)ininnj witli the inolsturo 
of ih(‘ air and fvud is eonverted into sulpliuric acid. 

''riui hnTous sulphide', by combining with tln^ oxygen of the air, is 
('onv(‘rt.('d into ferrous oxide: 

FcS+0,-Fc0 + S0,. 

The ferrous oxide, by combining with more oxygem, may 1)C converted 
into the magnetic oxid(^, or by coml)ining with the sulphur trioxide, 
may be converted into ferrous sulphate: 

3FeO TO-Fe ,04 

Fc^O bSO^-FeHO,. 

Th(‘ magiu'tic. oxi<le, by j)rop(U' heating or by combining with Bulphiir 
trioxidt' may l)e converg'd into f<UTic oxide: 

2Fc‘,<), f O - 3F(n/)3 

2F(',/)4TS().,-3Fe/V+S(), 

The bn'rotis sulphate, at a red heat, is decomposed into Bulplmr 
dioxide', ferric oxid(g and fcu’ric Hulj)hate, which on furtlnu’ luuiting is 
ultimatc'ly decomposed ini.o ferric oxide and sulphur trioxidev. 

OFc'SO , - ^ Fe.CSO ,) j, + 2F(‘/), f 3S( 

Thi.^ tdiimatci result of all the naictions is: 

4F('H j f IK)., r 2Fe,( ), i HSO,. 

It is desiral)l(* to convent all of the iron into the fc*rric oxide. If the 
h(Uit in propt'rly adjustc'd, and the ore remains in a highly oxidizing 
atmoHpliere for a prolongcal time, the final result will l)e the? f(',rric oxide. 
If tlie lu'at has lunm too high or if there has l)een insiifncicmt air in thc^ fur- 
nace, large c|uauiiti('H of magnetic oxide will be formed and rcunain tin- 
changc'd. Tlu^ jtresenceof magnetic oxide in the roasted ore in considerable 
cimiutiiii'H imiictab's an inferior roast. Whcddier it is due to the presc'uce 
of tlie inagiuvtif^ oxides itself, or the condition whiedt produced it, or lx>th 
is cliflieiilt to determine. It has been said that the injurious effects of 
magnetic oxides is due to its inability to resist the action of tlte ehcunicala as 
well as the ferric oxide; liowever, in the chlorination and acid iirocesscB the 
coniiuinptioii of acid or chlorine is less when there is consichu’able magiudicj 
oxide in tlie welbroasted ore, nevertheless thes tailings arc^ invariably 
high. The presence of magnetic oxide usually indicuitos a higli tempeu’a- 
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dark appearace, high tailings may be expected. The extraction is alv 
the best when the roasted ore has the red appearance of ferric os 
The reaction: 

2 Fe 304 4" 0 ==3Fe203 

by which the magnetic oxide is converted into the ferric oxide, is re’V 
able: 

SFOaOg 4-heat = 2Fe30 4 4- 0 

so that if the heat is too high (about 1700 to 1800° F.) , one atom of ox} 
of the ferric oxide is driven off, and the ferric oxide is converted into 
magnetic oxide. This is more likely to happen if the atmosphere in 
furnace is not highly oxidizing, or if the bed of ore is too deep for the 
to penetrate, or if the ore is insufficiently rabbled. 

Magnetic oxide is probably formed in considerable quantities in 
earlier stages of roasting. The color of many ores, especially t] 
having considerable sulphur, is quite dark while the greater portio: 
the sulphur is being eliminated. It is well known that sulphur dio: 
is a highly reducing agent. The heated top layer of the incandes( 
ore, as it is turned over by the rabble, is ploughed under, so that 
ferric oxide particles are surrounded by the highly heated reducing atr 
phere of sulphur dioxide, which results in reducing the ferric to 
magnetic oxide. The reaction is probably represented by the equatii 

FeS2-f-02=FeS4-S02 
FeS 4- 10Fe2O3 = TFegO 4 4- SO2 

so that this action, and the corresponding reversible reaction by wl 
the magnetic oxide is reconverted back to the ferric oxide, is likeb 
continue until the sulphur is pretty well eliminated. 

The greater part of the iron sulphide becomes sulphate for on] 
very brief period, especially in the early stages of the roasting. I 
probable also that sulphate is not formed to any very great extent in 
ordinary roast. Sulphur determinations taken every hour in roasi 
sulphide ores show very little soluble sulphur in the early stages of 
roasting, and at any time only small quantities of ferrous sulph 
Ferrous sulphate is decomposed at about 950° F. (510° C.) 

Ferrous sulphate in roasted ore is highly injurious, and shows a \ 
defective roast. It is not difficult to eliminate, but it does not fol 
that when the ferous sulphate has all been decomposed that the or 
sufficiently roasted. 

There are two substances which offer simple chemical tests for i 
in solution — notassium ferricvanide rFeK.D.N^'l and -notaRsinm thinr 
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The test may be made by filtering a sample of the ore with 
water, tlieu taking a drop of the liquid on paper or on a porcelain plate, 
and adding a drop or tw'o of the ferricyanidc. A blue color indicates the 
{)r(\senee of ferrous iron. If the iron is likely to be in the ferric condition, as 
in the solutions issuing from the ore by the acid or chlorination processes, 
it should be rtHluced from the ferric to the ferrous condition before 
ap|)lying the test. Ferric salts arc easily reduced to ferrous salts by 
ai)plying siuth rtHlucing agents as zinc, stanous chloride, sulphur dioxide, 
or hydrogen sulphide. 

TIu‘ th(HK‘yauate does not give any marked coloration with ferrous 
iron, l)ut with fvrric iron in the most dilute state it forms a liright red 
solubh‘ com|)ound. Tlie test is made as with the ferri(5yanide. If the 
iron is lik(‘ly to b(^, in the hu’rous condition, it should be tessted witli the 
ferricyanidc*, or ferrous salt converted to tluv ferric salt before a})])ly- 
ing the* Inst, with thioc^yaiuitc^ 

If no <‘olor a{)|H'ars, eitheu* with the ferricyanide or thioc-yanatc*, it 
indicant t‘s a thorough roast only in so far as the soluble sulphur com- 
pounds of iron an* conca^rned, but not as to the other (a)nstituents of the 
one As a hnal indication of the roast, cvxcept pcuduips in pun^ pyritic 
concc*nlratc*H, or iron accompanicul only by silic.a, these. t(*sts are worthless. 

beaching, or boiling, a litth^ of tin* roastcsl ore with wat.cn* and pre*- 
cifutaling with ammonia will usually indicaite the* solubles iron. 

If the* (H’C! is so poorly roastcHl us to show un(l(‘c.ompOH(Hl Hulphid(*s, 
the* nuist is worihh‘Ss. The* b(*st way to ascertain if there is any umh^- 
composisl sulphidcNS in the*, roastcal on^ is to pan it. 

Copper.— 'riic! mitictralogieid comhinations of coppeu* arc quitcj varical, 
fn‘f|tu‘ntly in thc^ same* mine. It may o(a!ur as the*, oxide*, carbonates, 
sili(‘iite, or sulphide*. TIhj sulphide* is by far tlu^ most common. 

In a typical c!oppe‘r mine*, the* limonite gossan, usually stainesl mores 
or h*sH with c*oppe*r, appeuirs at the* surfaeaq l)(*low the^ gossan, in the* oxi- 
dize*d zone*, art* tiu* oxide*H, carbonate's, and silicate's; thc'fii cennc'S the? 
Zfuje* of se'condnry sulphide's e'-onsisting of chalcoente*, bornite*, and chah'o- 
pyrile*; anel be*low iiiis the primary zone, consisting largely of pyrites 
inie*rKj)e*rHt'tI with cluilcopyrite. 

Ah t int oxide*, copjx'r oeamrs as: 

Cuprite*, Cu^C) 

Tenorite, CuO. 

Ah the* carbonate, it usuully occurs as: 

Malaednte*, 2au(), CO., HA) 
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As the sulphide, it usually occurs as: 

Chalcocite, CusS 
Chalcopyrite, CuFeS 2 
Bornite, Cu 3 FeS 3 
Enargite, CU 3 ASS 4 
Tetrahedrite, 

in which the copper occurs as CuaS, associated with antimony i 
sulphides, and frequently with iron, lead, zinc, and silver snip] 
The carbonates, malachite and azurite, when roasted at 
are converted into cupric oxide (black oxide), while the carb 
and water of hydration are driven off: 

CuCOg, Cu(OH) 2 +heat = 2CuO + CO^ + H^O. 

The silicate is also converted at a low red temperature to 
the color changing from the characteristic greenish-blue of i 
to black. 

Of the sulphides of copper only the cuprous sulphide (CugS 
metallurgical importance. Cupric sulphide (CuS) is not stal 
temperatures, but is decomposed on heating into cuprous su 
sulphur dioxide. When cuprous sulphide is roasted, the cop 
converted into cuprous oxide and sulphur dioxide: 

CugS -f'03=Cu20 + SO2 

and by contact action is further oxidized into cupric oxide a] 
trioxide: 

CugO -f SO 2 + 0 2 = 2CuO + SO3. 

Some of the sulphur trioxide, combining with cupric oxide, fo 
sulphate: 

Cu 0 +S 03 = CuS 04 . 

At a higher temperature, 653® C., the cupric sulphate underg< 
position, sulphur trioxide being more or less expelled, so that 
the sulphate will be reconverted into the oxide. 

If chalcopyrite, with a quartz matrix, is roasted at a lo’fv 
following reactions take place: 

SCuFeSg + Heat + 0^8 = CugS + 3FeS0 ^ + CuSO ^ + SOg 
At 590® C. the ferrous sulphate decomposes, and acting 
cuprous sulphide remaining, converts it into the cupric suli^hj 
CugS +FeSO 4 + Oe = 2CuSO 4 +Fe 203 . 

At 650® C. the copper sulphate is decomposed into basii 
and sulphur trioxide, and at 700® C., into cupric oxide an 
trioxide as follows: 

2 CUSO 4 - Cu 0 ,CuS 04 +S 03 
CuO, CUSO 4 =2CuO+SO.. 


OXIDIZING ROASTING 


The tilt.iinat(^ condition of the roasted product, therefore, when carri 
to above 700® (h are ferric oxide, and cupric oxide. If the teinperati] 
is not carried above 700®, sulphate of copper may remain, wliile if t 
t(mip(‘ra,ture is not ca,rried above the decom|)osition point of fen 
sulphate^, both copper and ii*on sulphates will remain in the roasted oi 
For a sulphat.izing roast, the temperature should not exceed 650® C. 

Cu{)rous sulphide fuses i-eadily, and if contaimd in the ore in ai 
(a)nsi(h‘rabl(‘ quantity, must be heated carefully to avoid fusing. 

As long as sulphur dioxide is Ixung prodiKaal by the oxidation of t 
sulphur, cupri(; oxi<le (CuO) cannot hi) formed. As soon as all the si 
phide is (‘onv(‘rt(‘d into a mixture of cuprous oxide and sulphate, t 
cu|)rous oxide Ix^gins to be <‘.onv<a-ted into the cu|)ric oxidcq and if t 
roasting is contimuHl long enough, ail the cop})er in the ore will be co 
v(U'i(‘d into t.tu* c.upric oxich^, with the probable format/ion of silica! 
also, if tlnu'i" is silica presemt. 

With a. low i{‘nqx*rature, tlui copper may be (x>ntained in the roast 
ore as cupric* oxide ((hiO), cuprous oxide (Cu/.)), and ciq)ric sul]>ha 
((hiSO^), and this is usiuilly tln^ lx‘st condition for (x)p|)er (^xtractic] 
|)rovidiHl th(‘rc*are no d(‘let(‘rious sul|)hat(\s in thc^ roa^sted ore, or undecoi 
posixl Hulphiih^s. If th<^ ore is poorly roasted, some of tlie suli)hid(‘s nu 
remain und(*compos{‘d, and this would unfit it for a solvent process. 
undcx‘ompos(*d sulphide's ar<^ suspc'ctcHl, it is Ix'st to pan some of i. 
roasted material, whc'U tlu^ Hulphi<l(‘s will Ix^ made apparent. 

If lln^ amount of (xipper in the ore is small, as for example in (;u 
riff'rouH gold and silver ores, all the coppeu- sulphide will 1x5 converb 
into thc5 cupric! oxide wlum roasting suflicic^ntJy low iti Hul|)hur to ma’ 
tlu‘ nr<' suitable^ for a solvcmt procc'sH, i)rovided th(5 finishing lu'at h 
not Ihx'U c'xc(‘HHiv(‘. What(*v(5r the condition of the coi)p(n’ in th(5 ni 
ore, in the* roastcxl (hh* it will apjx'ar as cupric, oxide if tlu' or(5 lias lx'< 
pro{)erly rtnisti'd. 

If tin* is to \h) tnnibxl |)rincipally for its coppen* conb^nt, it w 
not oixlinarily b(» nc*c<‘Hsary nor desirable to roast t-o such a coniplc 
state of <jxidati«)n as in ore tnaib^d principally for the ])n5(nous jneta 
For ihi) acid procesm's, sulphate of cop|)er is not harmful, and is usual 
liighly bemjficial, l>tii no sulphides should 1x5 in (widcnnxx If the sai 
orc*^ is to l>e tn^ated for gold or silvc^r by the (dilorination procc'ss t. 
prcdiininary acad tre^atment for the extra<‘tion of th(5 copper puts it 
the best possible condition for the ext-rae-tion of the gold and silver, 
cyanidation is to follow the acid treatment, a thorough alkaline wash 
nacoHsary. 

Tlujt r»uf /Itttifmr rnnufirur ^*r\nnAr orc« m in thn cfi.rlv staires 
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ture is excessive during tlie roasting, ferrites (Cu(),F(‘.>(),j) and silicai 
are likely to form, and tlie copper in these combinations is solul)le or 
with the greatest difficulty. It will usually be more satisfactory 
slightly under-roast copper ore than to take chances in getting the b< 
possible roast by overheating. Coppcn* ores are particularly sensiti 
to high temperatures, that is to say, temperatun‘s ab«)Vi^ a dull nal (I)" 
C. or 1202° F.) and if sintering or fusion occurs it is praetitailly inijx 
sible to get a satisfactory extraction. Cupric oxides is rialuccHl to ( 
prous oxide at 1050° C, 

The best way to determine the l)C‘st conditions of roasting, pri 
cipally as to the temperature, is by din‘ct ex|H‘nnicmt ing, and han-lu 
the roasted ore with dilute hydnadiloric or sulphuric^ acid. If t 
roasting has been properly done, theux! should Ih‘ im difficulty in (*xtra< 
ing at least 90 per cent, of th(‘ copptux If, howr*ver, thf‘ ttmipmxdi: 
has been excessive, a very poor extraction of tlic (‘oppor may be cxpocti 
In making preliminary tests, it is well to roast at least one lot of on* al 
temperature no Iiigher than scarc(‘Iy a visibh* red, an<I then imu'ease t 
temperature on successive charg(*s. Tin* prec'enfage cr»|i|)er e.\fnn*t 
in a certain reasonable lime from tin* dilTen*!it. nxasled sainph^s w: 
by comparison, give the higliest tiunperalun* the ore will stand wilho 
detriment, and that is tin! temperaiun* at^ wliieh tin* cu*e sinmlri 
roasted. 

Whether or not there is any coppi*r sul|>linfe in flic roaHt(*«l ore c* 
easily be ascertained by placing a small portion in a funnel, leardiing 
with hot water, and then adtling aniinonia lo the filtratiy when, if tin 
is any soluble co|)per, the familiar blue will appear. If no l^lue appeu 
it may he assumed that the copper in the roasftxl ore is all in llie conditi- 
of oxid(‘. 

In gold and silver ores, where the c{ippi*r does not ocnir in sufficie 
quantities to attempt to reeovi*r it at n prolif, f,hf priiit*ipitl irijurio 
effect of the copper is in the consumption of cliiuiiit'als, and in its pi 
cipitation with the pnau'ouH xiudals. It is iilsf» umiesiridtli* iit tin.* g< 
and silver bullion, unless there is sufficient coppi^r to ntake elect rolyl 
refining possible. The extent to which ro|ipr*r in the ores «if flic prec'io 
metals is fatal will depend largely on tin* price <if the ctieiniciilH, on f 
consumption of chemicals, and, in a measure, on the roast. The bi 
ultimate condition of the copper in roasted ore of the jU”<.*c'iciiiH met ids 
in the form of oxide, and, fortunately, this is the waiy it iismilly cmwiii 

If the ore is roasted with salt, mucli of the copper will lit* ron\*erf< 
into cupric eddoride (CuClg), but since at a rial heat f*in:iric cdilnrifle giv 
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(‘hloridizing roast in^jc of coj)per ores is taken up more fully under ^'Chlo 
ridizing Roasting. ^’-~-‘^L()nglnaid-lIenderBon Process.^' 

The ideal roast for c()}>per ores is one in which all the copper is in tin 
form of siil|)hate and oxide, and all the iron in the ferric condition. Thi; 
represents a roast in which practically all the copper is soluble in water o: 
dilut(‘ acids, and all th(i iron insoluble. Since ferrous sulphate is decom 
posed at oDO® C., and curpic sulphate at 650^ C., the best roast for the cop 
per, t h(‘orc‘tically at least, should be obtained by maintaining the tempera 
turc^ b(‘twe(ai 500 and G50® C. This also I’cpresents the best condition! 
in pra(d ice. 

The t(unj)erature at which ferrites and silicates of copper are formec 
has not bc^cm dtdhiitidy d(!termined, but if the ore is heated much above 
700® (I, th(*r(5 is gnait danger, and the ferrites and silicates once forinc'd 
the satisfa(‘tury (‘xtraction of the copp(‘r presents a problem of some 
magnitudes Tlu* pr(!S(‘nce of ferrites and silicat(*.s is usually indicated b} 
the dark appceiraiK^t^ of the ore, instead of the md (U)lor of fcirric oxid(a 

The sulphur (‘lirnination in roasting coppeu* ores dc^pends larg(‘l} 
on the amount of copper in the ore, as wadi as on the amount of sulphur, 
If much of the coppea- in the roasted ore is Kolul)le, it is solulde as the 
su!phaU‘, and tlu‘ soluble sulphur will bo quite largcn In this resixud 
roasting of c‘opp(U’ <n-c‘s differs somewhat from roasting gold and Hilv(n 
orc's, wlnn’t^ tln^ sulpluir content of the roasted ore is neci^ssarily (|uit.( 
low. It is not d(*sirabl(i to (diminate tlui same aanount of sulphur from 
<*o|)per ores as from gold and silvca* ores, so that the roasting of copjxn 
or(*s Huitable for hydroimd.allurgical extraction will usually be somewhat 
(dieaper than if tlu^ same ore were roasbid for the extracdlon of the 
|)r(*ch)U8 medals. On the oUu‘r hand, c(q)p(n* on^s nsually reejuire n 
morc^ (lcdi<*ate roast than gold and silver ores. 

For liigli gradt‘ (!UpnferouH concentrak^s or snl|)hide on^, tlie roast(‘d 
prodmd, may eontain from 3 to 5 pew camt. sulphur, and be w(dl roasicHl 
for chc»mical inniimenk 

It is possible to mak(^ most of the copper solul)le by prolongcnl roasting 
at a low tem|H*raiur<* and with inHuHicicmt air, but such a roast will also 
hutve much of the iron and otlun* constituents BoIul)Ie. Wludluu’ this 
is d(‘HirabI(‘ or not d<d>cn(ls almost entiredy on the nuddiod of precipitating 
tin* and on the cluunical composition of the Bolublc iron. 

In cuises wluwe gold and silver or(;B contain copper, the roasting 
must Ih^ (dT(‘c»tial t.o get tlu^ best extraction of those metals, but if a little 
care, is uhchI in ihci tennpewature of the roasting, a high (extraction of the 
copptw may also 1 k! made, even if the ore is roasted with a view of getting 
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In order to determine the effect of roasting on chalcopyrite 
several pounds of the pure mineral, containing as a matrix pur( 
and some galena, was carefully roasted in an assay mufHe. T 
was never above a dull red. The copper content of the raw ore ^ 
per cent., and the sulphur 28.4 per cent. The sulphur in the roa 
was 5.5 per cent., of which 3.5 per cent., was soluble. The high ii 
was probably largely due to the galena, forming lead sulphate. 

The extraction, by agitating with a 5 per cent, sulution of si 
acid, was as follows: 


Raw ore, 

Roasted ore, 1 hour’s treatment, 
2 hours’ treatment, 
4 hours’ treatment, 


29 . 3 per cent. Cu. 

3 . 2 per cent. Cu. Extraction, 89 . 1 

2 . 2 per cent. Cu. Extraction, 92 . 5 

1 . 2 per cent. Cu. Extraction, 95 . 9 


On the other hand, in just as carefully roasting a sulphide 
trate from Mexico, containing 6 per cent, copper, it was difficu! 
an extraction of 80 per cent. The mineralogical combination 
copper in these concentrates was not determined, but presumabh 
in the form of chalcopyrite or bornite. 

Silver. — Silver is universally associated with copper and g< 
may be said that gold in ores is never found unaccompanied b} 
while copper is a common associate of both gold and silver. 

Silver is an important factor in the treatment of copper a 
ores. The silver is not readily recovered, and if contained in the 
in any considerable quantity, may act as an obstacle to the close 
tion of the gold, the fact that silver is not readily soluble in anj 
ordinary solvents of copper and gold adds somewhat to the diffii 
its extraction by the wet processes. Roasting, in the metall 
silver, is a very important factor. 

If there is any free gold in the ore, the silver will be more 
alloyed with the gold. In thoroughly oxidized ores it probabl}; 
in this way. In unoxidized ores it will almost always be founc 
sulphide, associated more or less with arsenic, antimony, and co] 
will be noticed from the common minerals of silver: 


Argentite (silver glance), 
Pyrargyrite (ruby silver), 
Proustite, 

Stephanite, 

Stromeyerite, 

Polybasite, 

Cerargyrite (horn silver), 
Hessite, 

Petzite, 


Ag,S. . 

3Ag2S,Sb2S3 

2Ag3S,As,S3 

5Ag3S,Sb,S3 

Ag3S,Cu2S 

9(Ag3S,CU3S),Sb3S3,AS3S3 

AgCl 

AgjTe 

(Ag,Au)jTe. 
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While silver is more or less associated with tellurium, it is a strange 
fact that only a comparatively small quantity of silver is found associated 
with gold in telluride or sulpho-telluride ores, and is not of any great 
consequence either in the oxidizing roasting or subsequent chemical 
treatment. When it does occur combined with gold and tellurium, the 
tellurium is volatilized in roasting, leaving behind an alloy of gold and 
silver. 

In the oxidizing roasting of sulphide copper and gold ores containing 
silver, the silver sulphide is first converted into the sulphate at an early 
stage of the operation. The silver sulphide reacting with the sulphur 
trioxide, formed principally from iron and copper sulphides by catalytic 
action with hot silica and metal oxides, forms silver sulphate, and reduces 
the sulphur trioxide to the dioxide: 

2 Ag^S +4803= Ag^SO ^ + 4802- 

If there is any free gold in the sulphide ore, as there frequently is in 
small quantities, some silver will also be free but alloyed with the gold. 
This silver in the first stages of roasting is likely to be converted into the 
sulphate: 

2Ag+2803=Ag2804+S03. 

As the ore is rabbled against a higher temperature and a more highly 
oxidizing atmosphere, the silver sulphate is gradually converted into 
metallic silver. The silver sulphate is partly reduced by the direct 
action of heat alone: 

Ag2804+ Heat =2Ag + 803 + 0 

but the temperature required for this reaction — 1095® C. — is rarely if 
ever attained in a roasting furnace. In the presence of reducing gases, 
silver sulphate is decomposed at a very moderate heat, metallic silver 
being deposited. Iri the presence of copper oxides, silica, and iron oxides, 
silver sulphate is decomposed at temperatures from 860 to 870° C.: 

Ag2SO 4 + 4Fe30 4 = 2Ag + SFe^O 3 + SO2 
Ag28 0 4+Cu20 =2Ag + Cu804+Cu0. 

In the roasting of copper, gold, and silver ores suitable for treatment 
by chemical processes, in a highly oxidizing atmosphere, the silver in the 
ore will always be found in the metallic condition, alloyed with the gold. 
It is for this reason that silver plays so important a part in the hydro- 
metallurgical treatment, if alloyed in appreciable quantities with gold. 
Unless the extraction of the silver is quite thorough there may enough 
remain in the tailings to protect, in a measure, the gold from the action 
of the solvent. 

If the sulphide ore is improperly roasted, some of the silver may 
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remain as sulphate. As such it is readily soluble in watei*. One hiuulred 
parts of water dissolves 0.58 parts of silver sulphate. 

It has been conclusively proved that silver is volatilized in oxidizing 
roasting. It is possible that in many instances the volatilization of 
silver in oxidizing roasting is due to the presence of small quantiticvS of 
cerargyrite, or natural silver chloride. The chloride of silver seems to 
quite generally distributed in the various silver ores. The chloridt‘ 
volatilizes at a strong red heat, so that if an excessive loss of silver is 
discovered in oxidizing roasting it is well to examine the ore to ascertain 
the presence of chlorine. 

Since metallic silver is with difficulty solul)le l)y any of the commercial 
processes for the recovery of copper, gold and silver, chloridizing roast ing 
is frequently resorted to, in order to convert the silver into the more 
soluble silver chloride. Tliis subject is taken up in detail under the htuid 
of “Chloridizing Roasting.” 

Any chemical process having for its primary object the recovtTyof 
copper or gold from its ores must take cognizance of tlie silver usually 
associated with them. If the quantity of silver is small tluu’c^ is no 
difficulty in recovering a fair perc(?ntag(^ by eit lutr the cyanide or (dilorina- 
tion processes. If the quantity is large, the* bc‘st averages nvsults will lie 
obtained by chloridizing roasting, wluui the silvc‘r may be ext.raet(Nl quite 
closely by either the hyposulphite, cyanide, or chlorination prexauses. 

Gold.— (h)ld, of itself, is of no xiuitallurgieul importan(*e in tlu^ process 
of oxidizing roasting. It always occurs native or mixinl or <*ombined 
with sulphur or tellurium; but wliether xnixi‘d ur eomliiiUHl, on roasting it 
cmerg(^H as metallic gf)ld, which at all stages uf the remsting is unaf- 
fected l>y any tcxnperature or condition thc.i furmuau If the goltl is 
free and micu'oscopically fine, coarse, flaky, solid, or porous, it will, of 
itself, rexnain so. It will appear in the finally rousttsl on^ as it app(‘arecl 
in the raw ore, or after being liberated in the <*arly stag(»s tin* 
operation. 

Much has been said about the loss of gold in roasting. (Jarcdul inves- 
tigation has shown that in oxidizing roasting theux! is none Imt a mechan- 
ical loss, which is Bui)jcct to the same conditions as the* lumdhng of dry 
ore under any circmnstances. If the ore contains silver <‘hloride, whirdi 
usually has associated with it sonm gold, a lt>s.s of gold may lie oxpect.eti 
with that of the silver, in oxidizing roasting, but this loss will ordinarily 
be very small if the temperature is prop(*rly rc^gulated, and in no ease 
will it ever be serious. 

Lead,~Lead usually occurs as t-he 

Sulphide (PbS), Galena, 

Carbonate (PliCOj) , Cerussite, 

Siilnhate fPhSO .V 
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Lead is more or less associated with copper and gold ores, but not 
usually in large quantities. Silver is more commonly associated with 
it. The presence of lead in ores in small amounts is not particularly 
harmful, either in roasting or in the subsequent treatment by the hydro- 
metallurgical processes. When lead occurs in ores in large quantities, it 
is so desirable as a smelting material that its treatment by solvent process 
is quite remote. 

According to Plattner, if the sulphide, galena, is roasted at a low 
temperature, to prevent fusion, it will at first be converted into the 
oxide and sulphur dioxide; 

PbS + 03 =Pb 0 + S02. 

A part of the sulphur dioxide on coming in contact with the heated 
silica combines with the oxygen of the air to form sulphur trioxide, and 
this combines with the lead oxide to form lead sulphate: 

Pb0 + S03=PbS04. 

The lead in the roasted ore will usually be in the form of oxide and 
sulphate. Silicate will not occur unless the ore has been fused, in which 
case, in any event, the ore would probably be unfit for subsequent 
chemical treatment. The proportion of the oxide to the sulphate will 
depend upon the presence of other sulphides, the method of roasting, 
and to a large extent on the proportion of the galena to the other con- 
stituents in the ore. 

It is probable that much of the sulphide may be converted directly 
into the oxide and sulphate by the slow roasting and at the low temper- 
ature usually employed in roasting copper, silver, and gold ores for 
subsequent chemical treatment: 

2 PbS 4- O 7 =PbSO 4 +PbO + SO 2 . 

When the ore contains considerable lime, as sometimes happens, 
some metallic lead may possibly be formed: 

4PbS + 4CaO = 3CaS + CaSO 4 + 4Pb. 

CaS + 04 =CaS 04 . 

The transformation of the calcium oxide to the calcium sulphate 
is a desirable change for the subsequent chemical treatment. Quartz, 
clay, and silicates remain inert to lead sulphide. 

Galena is difficult to roast. It fuses at a low temperature, and if 
excessively heated, is likely to agglomerate into a mixture of lead oxide 
and lead sulphate from which it is difficult to expel the sulphur trioxide, 
even when heated so high as to melt, and from which it is absolutely 
impossible to satisfactorily extract the copper and precious metals. 
Lead sulphate, with heat alone, is decomposed only at a white heat. 
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Lead carbonate (PbCOs) is readily decomposed at a low ten 
(200^^ C.; 392'" F.) into lead oxide and carbon dioxide: 

PbCOa-PbO+CO,. 

By prolonged roasting, lead carbonate, or the monoxide, at j 
ature of not exceeding 450° C. (842° F.) may be converted into t 
oxide, minium (PbsOJ. At a still higher temperature the 
or minium again gives up its oxygen and is reconverted into tJie j 
or litharge. 

The lead in roasted ore, on cooling, is likely to l)e in the fori 
oxide (PbO); rarely perhaps as the red oxide (Pb^OJ; sonu^ 
(PbSOJ, and, if the ore is fused, as silicate. 

Ore containing as high as 10 per cent, lead, can with can‘, 
factorily roasted for subsequent chemical tnaitmcait. 

Zinc. — Zinc frequently occurs associated with cop|>er, g 
silver ores as: 

Sulphide (ZnS), Sphalerite. 

Oxide (ZnO), Zincite. 

Carbonate (ZnGO.,), Sinitlisonite. 

Silicate (ZnaSiOJ, Willemite. 

In the oxidized ores the zinc usually occurs as tin* oxid(‘ or ci 
in the sulphide ores it is always found as sphalerites 

If the zinc is in the form of (uirbonati*, roast ing readily driv< 
carbon dioxide, leaving the oxide of zinc; 

ZnC 03 = Zn0 +CO.. 

If the zinc is in the form of sulphide, oxidation at thc» ieinpc* 
which copper, gold, and silvtT orc*s are usually roastenl, tak 
slowly, and yields a mixture of oxidt^ and sulphitff*. The ai: 
sulphate, however, is small as com|)anal with the oxidv. 

Zinc sulphide begins to oxidize at a <lull red hcuit. Ah t he I ein 
is increased the oxidation takes places more rapiilly, with the f< 
of zinc oxide and sulphur trioxidc: 

ZnS + Oji — ZnO T' SO.j, 

2ZnS + 0, = ZnO + ZnHO, + BO,. 

At a prolonged high temperature the sulpliate is converted 

oxide: 


ZnSO^ + heat = ZnO PBO,. 
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In the decomposition of the neutral sulphate, basic sulphates may b 
formed which require a high and prolonged temperature to ultimatel; 
resolve them into the oxide. Zinc sulphate, by heat alone, is decomposei 
at 739^ C. 

Zinc sulphide docs not oxidize as readily as iron or copper sulphidcj- 
and a higher temperature is required to start oxidation. It is infusibl 
at any temperature attained in the roasting furnace, in roasting copp(^i 
gold and silver ores. Its presence, so far as roasting is concerned, is no 
harmful. 

The relative proportion of zinc oxide and zinc sulphate formed i: 
roasting will depend upon the temperature, the oxidizing qualities of th 
atmosphere, and, a certain extent, the relative quantity of zinc in the on 
The higher the temperature in a highly oxidizing atmosphere, the mor 
zinc oxide, and the less zinc sulphate, will be formed. 

Zinc, though quite generally distributed, is not fre(|uently found i: 
copper, gold, and silver ores in sufficient quantity to intcjrfere with th 
metallurgical treatment by wet methods. If contained only in sinal 
amounts, and the ore is thoroxighly roasted, practically all the zinc; wil 
be in the form of oxide. The oxide is readily soluble in aends, but i 
not so readily acted upon by chlorine, cyanide or sodium hyposulplntc* 
although it affects these solvents injuriously. 

Zinc oxide is not volatile at the highest temperature used in roast ini 
ores~from 9()() to 970® G. (1652 to 1778® F.). Zinc in its metallic coii 
dition is quite volatile, even at a moderately low temperature. Redmdni 
gaH(‘s, siudi as carbon monoxide from the fuel, have a tendency to re 
ducc the oxide to the metallic zinc and thus volatilize it: 

ZnO+CO-Zn+CO,. 


RESULTS OF HEATING ZINC SULPHATE WITH AND WITHOHF 
FREE ACCESS OF AIR 

(IL 0. Hofman, Trans. A. T. M. E., 1905) 


in 

Tertip. 
ilcig. €. 

Total S. 
eliminated 

S. olirjfdnated 
HOg 

S. eliitnnaied 

SC>j( 

liiUio; 

H m HO 3 

H fw HO 3 

Air ........ 

57H 

1.65 per cent 

0.14 per cent. 

1.49 per cent. 

9.06 

Air 


1.79 per cent. 

0.14 per cent. 

1.65 per cent. 

8.26 

Carbon dioxidii . 

599 

0.50 per cent. 

0.18 per cent. 

0.52 per cent. 

55.25 

Carbond dioxide 

602 

0.50 per cent. 

0.16 per cent. 

0,54 iKir cent. 

47.88 


In these experiments, the temperature of the furnace was brough 


50 


HYDROMETALLURGY OF COPPER 


show that in heavy zinc sulphate the tendency of the salt to split 
ZnO, SO 2 , aiid 0 is greater when oxygen is absent than when it has 
access of air. 

Arsenic. — ^Arsenic usually occurs associated with copper, gold, 
silver ores as the sulphide: 

Arsenopyrite (FeAsS), Mispickel. 

Realgar (As 38 2 ) 

Orpiment (AS 2 S 3 ) 

Arsenic is almost universally associated with sulphide copper < 
If occurring in small quantities it is of no special importance in 
roasting except that its elimination should be as complete as pos! 
under the conditions of the roast. Its presence in the precipitated co; 
is very harmful, and hence effort should be made to keep the solutioi 
free from it as possible. 

The sulphides of arsenic fuse readily so that care must be exerc 
in the first stages of the roasting. Arsenic volatilizes at a comparati 
low temperature, in the condition of arsenous oxide. In the presen c 
an excess of oxygen there is a tendency to form arsenates of iron and o 
metals, and these arsenates are decomposed only at an exceedingly ! 
temperature. After the arsenic is driven off in the first stages of 
roasting, no harm can result in elevating the temperature to thai 
quired for the other constituents of the ore. Arsenates are undesir 
in the roasted ore, as they interfere with the close extraction of the co] 
and precious metals. Arsenic in the ore, as a rule, is not particul 
detrimental to any of the solvent processes, if the roasting is prop 
done. 

Mr. R. R. Rothwell, in speaking of roasting arsenical pyrite; 
Deloros, Canada^ says, ‘^It was asserted by some metallurgists that 
roasting of arsenical pyrites presents many difficulties. I can affirm 
the contrary, that they roast with much greater facility and in al 
two-thirds of the time necessary to roast simple sulphides. They st 
almost any amount of heat without fusing, and the arsenic, which fc 
about 49 per cent, of the mispickel, volatilizes at comparatively 
temperature, seems to leave the mass porous, thus facilitating the ox 
tion of the sulphur.^' An extraction of 95 per cent, of the gold was m 
on these arsenical pyrites by the chlorination process. 

At Murcur, Utah, where the ore has been treated successfully 
many years by the cyanide process, roasting has been found to elimh 
any injurious effects from the arsenic, which occurs in consider, 
oiiantities in the raw ore. 
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the sulphur and arsenic are converted into arscnious oxide and si 
dioxide. The former is a solid at ordinary tempera, tures, and the 
gaseous, and therefore the arsenous oxide is deposited as a sublin; 
the cooler portions of the flues and dust cdiambers, tlirough whi' 
fumes esea,|)e from the furiuuax 

In roasting cupriferous ])yritic ores there will usually be no dif 
in eliminating from 75 to 80 per ccait. of the arsenic. 

Roasting Argentiferous Cobalt-nickel Arsenides b—ddie ore used 
investigation was chiefly smalltiU^, containing (>S9 oz. silver per to 
5G per cent, arsenic. The objead; of the investigadion was to as( 
(1) the t(nn|)(‘rature at which tlu^ arsimic; is most rapidly (vxfxdli 
the thorougiuu‘ss witli whicdi it is (‘xpc'llcnl by proIong(Hl roasting 
temperatiuxg and (8) tluj (dT(‘ct of a.d(llng eha,rcoal near tlui (uid or 
beginning of tln^ roast. 

It was found t hat 15 jku* (amt. of a,rsenl(; })(U* 100 of or(i, that is, 
cent, of tlu^ total ars(mie, is (‘Xpthial Ixiow 7()(P (1, 1)ut i-hat t-h(^ rt‘st 
arscmic is not exp<iU*d unt.il t.h(‘. t.iunperaiaire n^atdu'S about- tSdtf (1 
rapid ex|uilsion seds in. By raid)ling a.t tcnnpca-a.tun's a.bov(‘ S-UF ' 
percentag(? of ars(‘ni(t (‘an b(^ furt her r(‘du(a‘d l>y about- p(‘r (mnt 
is down to 17 p<‘r etmt. in lh(‘ ore, frojn t.h(‘ original 5G pen- c(‘nt; 
rang(^ of tmiipca'atun^ tln^ ars(*ni(‘ is nunovcMl much faster than at 
t(un]H‘rat\irc‘s. liaising t in* t(unp(‘rat unupiit-c' smhhmiy t (>H(H)“(-. d 
harm as th<‘ on‘ remains porous. Th(‘ addition of cha-nanil (it lu'r 
b(‘giuning or toward tin* emi of tin* roast, fnib'd t-o iner(‘as(‘. tln^ (‘X| 
of ars(»nic‘. Finer grinding of th(‘ (H*(‘, aft(‘r it- had be(‘n nuist.(‘d 
and n;-roaHting at- about KSO*’ G, sliow(‘d no furt!i(‘r (‘Xpulsion of a 
due to lin(‘ grinding. 

Antimony. Anlimony, lik(^ arsemh*, usually o(‘(‘urH ns tin* sul 
It is almost univ(*rsally in th(‘ form of Sl ibnit.(‘ (Sb.,S.,) a.m! is fnaf 
associatcal with silvan- aiul gohl, and <|uit(‘ commonly with (*op|H‘r. 
Binnil (plant it ics in which it. usually ca-curs in th(^ ores of th<‘S(‘ me* 
do(‘H not |Hxvs(*nt any special diflicult i(‘S in roasting, (dn* must b 
in tin* c*arly stages of tiu^ op(*niti(m. If an a,t-t.(Mnpt- wetx^ ]nad(‘ to r 
th(i antimony by rapid oxidation, tJieni wonld b(i dang(‘r of conv 
it into tln^ insolultlii aniiinonatcvs of tlu' nud-als in tlu^ ona This we 
undtxsirabli* for sonu; of tlu* chmnical pro<‘(‘.ss<‘s, whih^. for ot hers it 
be somewhat mu'iouH. In tlu^ early stagevs of tln^ roasting it is tin 
iKKuxsHary to em|)!oy a vany low h(‘u,t. Tln^ pr(‘senc(‘ of st (‘am, 1 
sui)pli(‘d liy thc^ burning fu(*I and the waten* of ]iydrati{m in the 
found to be uscdnl as a sourcas of hydrogem, wliich nunovc^s snip" 
hydrogen sulphide: 


F 811. + h(‘at - 3 1 1 .8 + Sb. 

* BtrMmihhj BnlkUti of th<! A. L M. F., Jan. 11K)7. 
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The antimony then combines with oxygen and escapes as a v< 
oxide. 

When the temperature of the roasted ore is brought to about 
(662*^ F.) the atmospheric oxygen converts the antimony trisulphid 
antimonous oxide and sulphur dioxide. Antimonic acid is formed : 
presence of the oxides of the other metals, and combines with th< 
form antimonates. Sulphates of antimony are not formed durin 
roasting. If the ore contains large quantities of foreign sulp^ 
which on being roasted would form sulphates, antimonates of the f( 
metals are formed instead of the sulphates. 

Carbon, such as coal or charcoal, finely ground or mixed with th 
has been used to break up the antimonates and arsenates, and exp 
arsenic and antimony, but it has not been found of utility enough t 
a permanent place in practice. 

All ores of copper, gold, and silver, containing appreciable quar 
of arsenic and antimony, are difficult, if not impracticable, to treat 
by any of the solvent processes. By roasting, and consequent vo 
zation of these elements, they are largely eliminated from further c( 
eration, except, perhaps in the case of silver ores to be treated by sc 
hyposulphite, when the ores may contain considerable quantities of i 
ates and antimonates, after roasting. 

Antimonous oxide (ShgOg or Sb406) resulting from the roasti 
antimony sulphide (Sb 2 S 3 ) is insoluble in water, but is soluble in h 
chloric acid and in alkalies. 

Bismuth. — Bismuth is one of the most injurious alloys of coppei 
may be present in copper ores in the metallic state, or in sulp] 
arsenides, and antimonides. The metal and sulphides are volatile i 
roasting temperature but much less readily than in the cases of ai 
and antimony. The minerals containing bismuth are readily oxi 
to fixed compounds. 

In the incomplete roasting of copper ores, arsenic, antimony 
bismuth may remain in the roasted product in the same combing 
in which they occurred in the ores, accompanying the fixed comp( 
that are formed during the roasting operation. 

The degree of elimination of these impurities in roasting 
necessarily with the minerals in which they occur, as well as the C( 
ore, and the conditions under which the roasting is carried on. 
following analytical data by Allan Gibb^ shows the elimination from : 
typical ores, when roasted in heaps and in reverberatory furnace 
smelting, which does not represent as complete a roast as that req 
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ROASTING COPTER ORES; ELIMINATION OP ARSENIC, ANTIMONY A 

mSMUTII 


Copper. . . 
Arsenic. . . 
Antimony. 
Bi.simith, . 


Copper. . . 
Arsenic. . . 
Antimony. 
Bismuth. . 


Haw 

■ ore 

Hoasted ore 



Per cent, 
actual 

Per cent, 
relaiivo 

Cu = 100 

Per cent, 
actual 

Per C(Mi{,. 
relative 
Cu-lOO 

Kliininalioii 
jier 100 
of ( ’ll 

Total I' 
centa(?(' 
t4irnimr 


No, 1 




r > , r>r> 

100.00 

7 . 08 

1 00 . 00 



1.18 

21.30 

0.407 

5.20 i 

15.97 

75.0 

0.035 

0.03 

0.035 

0.']7 

0.100 

25.4 

0.011 

O.IOS 

O.OU 1 

0.113 

0.055 

27.8 


No. 2 




12.15 

100.00 

14.08 

100.00 



o.im? 

7.fl0 

0.454 

3.09 

I 4.87 

01 .2 

0.15 

0.378 

0.045 

0.307 

0.071 

18.8 

O.OM 

0.115 

0.015 

0.013 

0.013 

11.3 


No. 1 was a cupriferous iron pyriiths whic^h wa.H roasted in luatps j 
snbH(M|uenily sjnelted in blast furnac.c^s. 

No. 2 was a drt'SHcd ore containiiiiii; tJie c.oppcu* mostly in th(» forn 
copper pyrites, with a small proportion of bornitti and copptu* f!!:bu 
It wavS roast(Kl in a revtu’beratory furnact^ 

Nickel.— Niclad is (piito fretiuently aHsocnattal with (U)p|>(n* ort's, j 
wluui it HO occurs in paying quantities its rec.ovtuy is advisable. 

Nickel usually occurs as the 
Sulphide, Milhu’ite, NiS, 

Arstmide, Niccolite, NiAs, 

Silicate, Garnierite, II (NiMg)Si 04 , 11,0. 

When the sulphide is roasted, the nicktd is oxidized and the snip] 
passths off, mostly as the dio.xide, and some as l.lu^ trioxide. Tlu^ 
oxide produces sulphuric acid and forms some nitrkel sulphates. Wl 
the sulphate is strongly heated the nickel is converted into nietked 
oxide and sulphur trioxide is driven off. By prolonged roasting, at 
proper temperature, nickelous oxide, NiO, alone may be ol)taimHl. 
imperfectly roasted, there will be a mixture of oxide, sulpliatc^, i 
u n al tered s ul ph idc^ . 

If a mixture of nickel and iron sulphides is carefully roastcHl, a n 
ture of nickelous oxide and ferric oxide is obtained. As sulphates 
nickel is a very stable compound, the roasting may be so (umduct 
that the greater part of the nickel is obtained as sulphate, while the i 
will be in the condition of ferric oxide. 
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By roasting nickel and copper sulphides in the same way, it 
to get nickelous oxide and cupric oxide, or a mixture of oxid( 
phates. As nickel sulphate is stable at a higher tempera 
copper sulphate, the nickel may be roasted to the sulphate and 
to the oxide. 

If nickel, iron, and copper sulphides are all roasted to^ 
nickel may be in the condition of sulphate and the other twc 
ferric and cupric oxides. 

If nickel arsenide is roasted, the arsenic forms arsenous 
the nickel sesquioxide. Part of the arsenous oxide escapes 
part is further oxidized to arsenic oxide, and this combinei 
nickelous oxide to form an arsenate. Nickel arsenate is not d 
when heated alone, so the result is basic nickel arsenate. 

Copper ores containing nickel usually contain also magnet: 
pyrites, and often arsenic and antimony compounds as well s 
quartz, and earthy matter. In the roasting, the arsenic and an 
mostly driven off, the sulphur partly escapes as dioxide, am 
converted into trioxide by contact with the red-hot masses 
furnace walls. Iron, copper, and nickel oxides combine with tl 
to form sulphates. As the roasting proceeds, and the temj 
raised, the sulphates are again decomposed into oxides ai 
trioxide, or sulphur dioxide and oxygen. Iron sulphate is fi 
posed, next the copper, and lastly the nickel compound. If tl 
were continued at the proper temperature, the product w 
mixture of ferric oxide, cupric and cuprous oxides, and nicke! 

Nickel sulphate is readily and abundantly soluble in w 
oxide is soluble in mineral acids, especially dilute hydrocli 
when warmed. The chloride is soluble in water, but not as 
the sulphate. The mineral garnierite is soluble in sulphuric i 
chloric acids, but with some difficulty. 

Calcium (Lime). — The compounds of calcium, on accour 
prevalence and positive action on almost all of the chemical so] 
in the hydrometallurgical processes, are among the most impo: 
considered. In the alkali process, calcium compounds are n< 
larly harmful, and frequently, as in the case where calcium is com 
oxygen to form lime, it imparts a desired alkalinity before af 
solvent. In the acid processes, like chlorination or the treatmen 
ores with dilute acids, the amount of calcium in the ore and tl 
combined will usually be the most important factor in deter: 
applicability of the process and, to a large extent, indicate its 
failure. 

There would be no difficulty in treating most of the coppei 
silver ores successfully, by the acid processes, if it were not 
interfering elements, and of all the interfering elements, the } 
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lime in large quantities presents the most common and tlie most difFiciilt 
problem. Fortunately, most of tiie ores of copper and the precious 
metals do not contain enough lime to seriously interfere with the treat- 
ment. The vast majority of all metalliferous deposits have quartz as 
the matrix, and usually the lime is not found in quantities sufficient to 
make an acid tnuitment jirohibitive, if the ore is otluirwise suited to the 
})rocess, particuhirly if the ore is amenable to pndiminary concentration. 

Calcium usually occurs associated with co|)per, gold and silver ores 
in the form of 

The Carl)onate (CaCOg), Calcite (LimestoiuO. 

The Fluoride (CaF^), Fluorite. 

The Hul[)hatc (CuHOJ, (Jypsum. 

The carb()mii(‘. is not rc'adily attacked by chlorine, but is imm(^diat.(‘ly 
d(‘Compos(Hl by acids, lioasting converts the carbonate into the oxide 
and carbon dioxuhr. 

(ki(X)gT]I(‘at-Ca() + C(),. 

Wh(‘n cold, the oxide (liinc^) does not absorb chlorine, l)\it at a red heat, 
in the pr(‘semc(^ of chlorine, it forms calcium chloride with the evolution 
of oxygmi: 

Ca0T2Cl-CaCU + 0. 

If the on‘ contains conshhu’abhi mdphur, the sulphur trioxide ndcuimal 
during thc^ roasting (‘ombiruss to a gnuiUu' or 1 <\hb extent with the lime to 
form sulphate: 

CaO+S(>a=-^CaH(), 

whicli is |)ractieally umiffiadaal by all Uie acahls, only very slightly actcal 
tipon l)y chlorine, and nmiains neutral to cyanides (u* sodiurri hypoHiilphit.(‘. 
It is almost inHoIul)lc; in watenq one part of calcium sulphab^ n‘quireH 432 
j)artH of watc*r for its solution. Its solubility is increased l)y tlie presein’o 
of alkalim* (‘hlori(h‘H and fr<‘<‘ hydroehloric acuM. 

It is dc^siruble, tli(n*(dore, that ores eotiiainlng considerable lime should 
b(^ mix<‘d with on^s containing eonHideral)le sulphur l)(dore roasting. 
Honui of tlu^ {‘ahdum, however, will unavoidably remain as oxide aft(‘r 
roasting, winch, when coming in contact with watc^r in the Bubseciuent 
chemical treatment, is cemverted into tlie hydroxides (slacked lime) in 
which form it is desirabh* in the alkali processes, l)tit is readily atta(‘ked 
by chlorine and ilu', atdds. 

The lime, wlien coming in contact with sulphuric acid, as in tlie sul- 
phuric acid eoT>per proc‘{'HS(‘H, and the barred chlorination iirocesH whcu’c^ 
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which accounts for much of the excess of s(jni(‘f ini(\s uscmI in in* 
ores containing considerable lime. 

In order to economize acid, it is desirable to convert as mu 
possible of the lime into the sulphate, l)y judicious roasting, if the < 
a sulphide. 

If the chlorinating is done by the ^ddattner'’ or by the ^'Per(‘ola1 
processes, in %vhich acids are not ordinarily used, then tlu‘ lime, in.*- 
of combining with the excess of acid, will combine with tlu^ chlorine 

2Ca(OH) 2 + 4C1 - CaC^U + (hi(( "K )) f 2 1 1 /), 

forming the chloride and hypochlorite, as in the mamifactun^ of bhnic 
powder. Since chlorine acts more readily on Iim(‘ than on coppm*, , 
and silver, in the ore, sufficient chlorine must bt^ provided to (dilori 
the lime and have an excess after all other lanse {diummts lmv<‘ 
satisfied. To avoid the large consum|)tion of <‘lihn-iiie wlien it is ap 
directly as gas in ores containing mucli lime, tht‘ ort^ is frt‘cpu*ntly no 
with salt; in this way the lime is converted into cdihui'cle in the furnaia 
is no longer harmfuL 

Calcium, in the form of fluorite, is a common assocu’ale of copper, 
and silver ores. It occurs ubumluntly in Cri|>|de Creedi, inf imat ely ns 
ated with cahdte. Fluorites is pecudiarly a const it ueiit^ of iiiefallifi 
veins. In minute <|uantities it is widtdy <liffust‘d. 

Fluorite is unaffected by chlorinc% c»yaniiit% or dilute aciiis. 
concentrated sulphuric acid d(a‘ompoH(‘H it. By rtatHtiiig, thc‘ fluori 
<;onverted into the oxide, m in the case of ciirlamiite: 

CaF3 + H20-Ca()F2IiR 

The fluorine probably combines with the moist^ure of the air, 
water combined in tlie ore as hydnitf.% to form Iiydrofluoric arid. 

Mixed with silic.a and sulphur, EH the fluorite* iiHimlly In in riiidall 
ouB ores, the sulphuric aci<I formed in the nuwling converts stun 

the calcium into the sulphate: 

CaFs + II^SO, - C&m, + 21 IP. 

GaFa+ 2 H 3 S 04 FSiOa-CiiSO, 1 2 II 2 C) t 

The principal point of interest, so far m rousting for the «iib«er|i 
chemical treatment is concerned, is, like tlie ciirbtiniilr*, the liutirit; 
converted into lime, and that in tlie presence of sulphur it is eoiive 
into the sulphate. 

A specimen sample of Cripple Creek ore, cc)in|iosi*cl liirgcdy id fiiio 
after roastinsf had a ■white nf'i#! !i,o of. 
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result of the decomposition of pyritic ores a.(vt-in^' on tlie calcium carl)onjite 
Pyritic ore is oxidi/x'd by the action of water and air, forming ba-i'ouj- 
sulphate and sulphuric acid. 

h\‘8 , -{- 1 1 ,0 + O7 - Fem 4 + II ,S 0 4. 

The sulj)huric acid tluui acts on the carlxmat-e, forming calcium sulphate 
and wat(‘r: 


Ca(X), f 1 LSO4 -Ca804 + ILO. 

Calcium, therefon*, in oxidizeal ores is largely in the form of sulphate 
and is not pa.rti(‘ularly injurious in any of the clnunical j)roc(sss(‘s, or ir 
the roast ing op(‘ration. Th(^sulp]\at.(‘, oiua^ fornaxl, (uin only Ixi convcul.cu: 
into tlu^ oxid(‘ l)y tiu* most intensti ]i<‘at procurable^ 8u(di a. li(xa,t is luivcu 
r(‘aliz(‘d in a roasting furnace. 

Cypsum giv(»s off its water of hydration at 2()() to 250® (I (392 t< 
4S2® F.). Th(^ dt4iydrat(Ml gypsum nuPs at, a real lu^at wit.hout. (hx'omposi- 
tion. On (‘oming in cemta<‘t with wateu*, th(‘ d(‘liydrat(Hl calcium sul|>hatc 
again takes u|) its water of hydration, just as in tln^ case* of ordinal*} 
plastcu* of Paris. In doing (his, if tlu^ orc^ coni.ains considea’a-blc^ sulpha! c* 
it. some! inUNS hnppems tluit t in* ore during haiehing sc4.s so hard that- pick,*- 
have to b(‘ uscsl to nnuove^ it from tlu‘ vaJs. 

An analysis matl(‘ on unoxidi/asl orv. from (k*ii)pk* (k-cavk, showed: 

C’alcium 8ulpluit(‘ (gyp^^uifn, Ca8()4 ! 2H;,()), ^k<S3 per cemt. 
(kdcium Fluoride (duoriU*, CaF^), 0.78 pen* cent. 

The amount of limc! in an or<‘ whidi may be fatal to chlorination oi 
to an acid treatmemt d<^p(mds largely on otlui* conditions. Ordinaril} 
fnnn 5 t.o G p{*r c«mt. is tin* limit. In Cripples Crei'k ores tlu^ linu^ varic*f 
from 1,5 tc» 2.5 per cemt., although in some miinus it is nundi higlnu*. diu 
Potsdam < ires of the* Black Hills, which hav<^ beam miccesHfuIly chloriir 
at(‘d, contain as im,ic‘h as 8 per cent. CaO. 

Thai only a small portion of the lime in roaHttui ore (minlnm^s wiil 
c'hlorine or the aeicls is (wiilent from the innitnumi of 800 to 1000 tom 
daily (‘ripple Cna^k onts by the barrt‘l chlorination procc.^ss, whore i' 
may hv. asHumed that the ore av(‘rag(‘s 2 per cent, liiiie, or 40 lb. jier ton 
The avcu'aget climnical charge may be asHumed to he 15 lb. of bli^atrh am 
30 lb. of Hulphurie acitl. Theoretically, it tak(‘H 0 parts of aeid to com 
bine wiili 7 parts of bleach, V)ut in pra(d.i<‘.e, erwing to tlie impuritic^s o 
the l)leae!i and aedd, cHpial parts of eacdi an^ refpiired. Of ihe^ 30 Ib.of aeid 
thm'cdore, p(*r ton of ore chargcal into the barrel, 15 11). are eonHumtal ii 
reaetting with iln* bhumh to generate chlorine. The Holntions issuing fniii 
tile barrels aft.er treatment are always strongly aeid, so that., mued 
iKud rmnaiiiH iincoiisumed, and some is also eonsumtHl in nuicting wit! 
other base elements. It is safe to say, therefore, that only from 5 to 1 0 lb 
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of the acid actually combines with the calcium or lime in the ore. 
if the calcium in the ore were all present as lime, that is 40 lb. Ca< 
would take at least 70 lb. of acid to neutralize this lime, instead of 
5 or 10 lb. actually required in practice. Some of the Cripple Creek 
are chlorinated with only 10 lb. of bleach and 15 lb. of acid, which m 
the acid consumed considerably less. From this it will be seen tha1 
injurious effect of the lime in ore in an acid process depends largely o: 
chemical combination, and that much of the lime in sulphide ores 
be converted into a comparatively harmless condition by roasting. 

Magnesium. — Copper, gold and silver ores frequently contain s 
quantities of magnesium, but usually not in sufficient quantity to 
ously interfere with any operation in the hydrometallurgical proce 
For all practical purposes of hydrometallurgy it may be considere 
equivalent to its analogous element, calcium. Magnesium usually oc 
combined with calcium as: 

The Carbonate, (CaMg)C03, Dolomite, 

The Sulphate, MgS04,H20, Kieserite, 

The Silicate, H4Mg3Si09, Serpentine, 

The Silicate, H2Mg3(Si03)4, Talc. 

In oxidized ores the magnesium is largely in the form of carbonate 
silicate. It may also be present as sulphate, formed by the decom; 
tion of pyrites, as the corresponding calcium sulphate. The magnei 
sulphate, kieserite, is very slowly soluble in water — about like gypi 
The hydrous sulphate epsomite (MgS04,XH20) is readily soluble, 
roasting, this water of hydration is driven off. Much of the magnei 
sulphate formed in the oxidation of pyrites in mineralized veins is ca 
away in solution. 

In roasting sulphide ores, the magnesium carbonate is partly 
verted into the oxide and partly into the sulphate. The oxide, lik< 
corresponding calcium oxide, is practically insoluble in water 
reacts readily with chlorine, bromine, hydrochloric and sulphuric acic 
form the chloride, bromide, and sulphate. Magnesium chloride is 
soluble in water — 100 parts of water will dissolve about 52 par 
magnesium chloride at ordinary temperatures. 

Magnesium sulphate is practically unaffected by any of the e 
ical solvents. All the harmful hydrous sulphates may be conv< 
into the harmless anhydrous sulphate by roasting. As in the ca; 
calcium, therefore, ore containing magnesium should be roasted w 
view of converting as much of it as possible into the form of sulp! 
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Manganese.— Mangaiiese is one of the most (leletcriouK substanct^s in 
the extract ion of jtm‘t aLs by \v(?t meihocls. It affects inj urioiisly the acads, 
th(^ lial()g(‘ns, and cyanide. Fortunately it do(\s not freciiKuitly oc'ciir 
in or(es of coppta’ and the pnadous metals in {piantiti(\s so great as to be 
fatal. 

Manganeses almost universally occurs as the oxide; sometimes as tin; 
sulphidi^ and silicnite. Aft<‘r roast.ing it is always in tln^ form of oxide*, 
and roastiiig do(‘S not jnu{(*rially l(‘ss(‘n its injurious efbad.s on tint solvcmt. 
Mangan(\s(* is naidily solubh* in ac'ids and ditrieult to (‘liminatt* from the 
solvcmt. Its principal injurious <‘ffta‘t is in tin* consumjjtion of (dunnicals. 

Aluminum. ' Aliuninum, as it occurs in eopptn’, gold, and sihau* orc^s, 
aff(‘C‘ts th(^ {‘hemical processes sojiunvhat injuriously. Its jnimu’alogical 
combinations an* mumu'ous and vari(‘d. It. may otanir as tJu* oxi<h*, 
liydroxidt*, sulphate, or siiicat(*. It usually ocemrs as the* silicat(*, mon? 
or l(‘ss intimat(dy assca'iated with calcium, magm^sium, iron, and the 
alkali metals. 

Hcaasting conv(*rts scune of the aluminum com|)ounds into aluminum 
oxidt* which is infusibh* at all tiunperatun's c*ver attaimal in a 

roasting furnaee. It is not de(‘ompos<‘d by heat alone. It is not deeom- 
loosed by (dilorim* at any t(*mp(‘raturm Anhydrous aluminum <u\i«l(* is 
pmlVctly insoluble in watm*. Afti*r st.rong ignlt imp it. is likewisi* insolubh* 
in most aci<ls, Ha* lower tin* tmnp(‘rature at. which aluminum oxith^ is 
heat<‘d, the more soluhh? it, is in tin* acids and alkalis. 

All the silic'at.es of aluminum are insolubh* in wat.cuy wit-h tin* exca^pthm 
of tin* alkali salts, and f ln*He ant Holuhle tmly when tJn* ratio (ff tJie base t,o 
llie acid is abcive a I’ertidn limit. Many of the* silica, tc‘H arc* chaaunpoHcal 
by dilute* Hul|diuri(t and liydnadihcric ae-ids. Chlorine, linunim*, and 
pedassium t‘yanidc» n^acd, V(*ry slowly. 

Aluminum Hulphatc*, Al.,(.S()Jjj, wfum hmd.ed to rcalm^HH, is (mnvcu'ied 
int.o the* oxichn The sulphate is very solulik* in waicu*. Chlorine n*acta 
very slowly wiili it. Tin* husie sulphate*, Al^C)^, SO^, lOlL/), is insoluldc* 
in wutc*r, Imi solubh* in sulphuric and hydrocddoric acdils, 

Wlieit ores c*oniainirig ccaisid<*rablcf iilumimim arc* propc»rly roasted, 
and a siuiiple fillennl wiili watt*r, it will \m found on tt*Hiing l!ia.i ihtux^ ia 
no solulde aluiiiiiium in tin* on*. If ilu* sample* is thc*n iilt,c‘rt*d with db 
lute* Huliilniric! or liydrochloric acid, some aluminum will be disHolvcal. 
If the saia|ile in treaic*d with chlorine, lu'omine, or poiaHHiuin cyanide, 
only tracers will lie found in the solution. 

The compoiiridH of aluminum are so nuimwoiis, varied and eompli" 
caied that it is difficult, if not impossilde, t.o dt*t.t*rmiru* tln*ir <*xaet 
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increased cost of treatment, due largely lo Iiu-reasetl consiiniption of acid^ 
no great injury to its presence in the ore is appartait. Its prt^stuu'e, Wini 
in large quantities, is not fatal, or even serious, to any (‘lu‘mi<*al process. 
Cripple Creek ores, which are very successfully treat ( mI alttu* roasting, l^y 
cyanidation, and by chlorination with or without, the usc^ of acid, fre- 
quently contain as high as 20 per cent, alumina (Al./):j)j and tlu^ averages 
is about 18 per cent. Copper ores at Clefton, Arizona, eont aining lb |)(U‘ 
cent, alumina have been successfully leached for many ycains with sul- 
phuric acid. 

Usually copper, gold, and silver ores do not contain mon* than several 
per cent, alumina; frequently it is less than 1 |)t‘r c.tuit. \\ liat c*vt‘r (he 
condition of the aluminum in the raw ore, wlnaa^ it may 1 h^ injuri<nis, the 
tendency in roasting is to convert it into th(‘ harmlc^ss aluminum oxidca 
The higher the temperature at which the ore is ruastt‘d, the h\ss difficulty 
will result due to the presence of aluminum, !)ut. the ultimate temperature 
of roasting ores containing much aluminum will d(‘|)end on llu* other, 
more or less fusible, constituents. 

The hydrate of aluminum occurs mineralogically as it is 

easily dissolved by acids. The inonohydrat(‘ ocemrs native as diasjuH'e; 
it gives up its water of hydration at 3t)(r C. (fiSff' !•'.). 

Clay. — This is the term applied to hydrous silicateH of aluiiiiminp 
produced for the most part by the decomposition of ft‘ldspar rocks, ami 
generally mixed with other subHtanc(\s, chudiy limeg iiuigiic^sia, and ie\idc 
of iron. Clay is frequently a constituent, of <u’e.s, usually <ic«nirring as 
“Gouge” matter in the vein. 

As a rule clays contain from 45 to GO ixu* silica; from 20 to gll 
per cent, alumina; from 0.5 to 3 j)er cent, lime; from (1.5 to 3 per cent, 
magnesia, small quantities of iron, and about 10 fier c’ciit. water. Clays 
always contain a hydrous compound of alumina and silic-a, wlticdi is able 
to give up the alumina contained by it as n bam) io Hiiljiliiirit* iieid. 

Clays are very much ixnproved by roasting, Iiotli m to filiratiim ami 
chemical consumption. 

Barium frequently occurs aHSoeiated with copper, gold, mid mlwr 
ores in small quantities. It is usually in tlm form of siilpliaie, Biirite. 
(heavy spar, BaSO^). Sometimes it oc'curs m the carlioriate, Wdlberito 

(BaCOa). 

If the carbonate is heated in an atincmphere free from milplnn^ iho 
barium oxide, BaO, will be produced, which reacts with thi* hiilogeiis iiml 
the acids. The temperature required for the di*eom|Kmiticiii <if the 
carbonate by heat alone is very high. In tlie prcHcmm of sulphur, the 
carbonate is converted into the sulphate. 

Barium sulphate is practically unaffected by any operation of the 
chemical processes. Any heat obtainable in a roasting fiimaee does not 
decompose it. It is insoluble in water and in acids. 
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Alkali Metals.— alkali jn(‘ials, sodiuni, and potassiuin, are fre- 
([uentl}' found in eonsidca’ahle ({iiantiti(ns assoeiated with ores. They 
usually oeeur as th(‘ iVldspars or Jn)i’ubltaH.h% and as such arc unaffected 
by roast or any of th(.‘ (‘heinicads uscul in the solvent proc^esses. 

Chlorine, Bromine.- (’hloriiH‘, and bromine are sonudimes found in 
copper, gold, and sllvtu* onsSyUntl wluui tJu^ydo so oecuir are of (‘onsid(‘rabi{i 
3 !i(‘t{iliur|i;ical imporiamai in roastinf»;. The eonipound which is itiost 
common is ilu^ silvau’ chloride^ (au’argyrite (A^'('l). The jtninerals em!)o~ 
lite, A^(('lBr), and bromyritc^, A|»:Br, o(‘cur occasionally, and in roasting; 
may b<‘ considcu’ed the sajm^ as cyrargyrite. Chlorine also occurs cpiite 
fiaupumtiy in combination with lead. 

Th(^ surfac(i orc^s of Tonapah, Nevada, show much of tlui silver 
combiiUHi with chlorim* fnapumtly as much as 20 p(*r (amt. As d(*pt.h is 
attaimai, tin* silvcu' (*hh»rid(» gradually nnu'gcss into tiu*, sulphid(‘, although 
thi^ chlorid(‘S app(‘nr mwaa- to b(* (mtir<‘ly abs(mt.. 

'r!i(‘ principal point of importances in conn(‘ction with tlui roast ing of 
silvtu’ chloride, Is dangfu* of volatilization, (wa^n with an oxidizing 
roast. In making (*xha.ust iv<‘ tests in I)(uiV(‘r, on a working hcui 1(‘, on 
Hoim* of tin* Tonapah or(‘H, it was found that tln^ volatilization, with an 
oxidizing roast , was abotit the* sana* as with a chloridizing roast , Imt in no 
viiSit was thci viilatilizuiion serious. If volat ilizati(m is known to take 
plac(^ in an oxidizing roast, (dd(»ri(les in tlu^ ore may la* HUHp(*ci(HL 

To ascertain the amount of Hilvc*r (diloride in tlic^ on*, l(*ach, or trcuit 
a. saniple witli sodium iiyposulphit.c* (sodium thiosulphat(*) and comparer 
the* hype^ fails with that of the (original ore. Also b^st fur cJilorim^ with 
silv(*r nitrate. 

Loss of Weight in Roasting.— '-TIu*!*!* is always houk^ loss of W(*ight. in 
on^ due to roaniitig. Tlie loss is usually largc'st in pyritic ores and in 
pyritic conc<*ntrat(‘H, but it may also lx* considcmable in or(*s which aJ’c 
(Kxidized and highly Hilicious. In sulphide* ore thc^ loss is due mostly to 
tin* expulsitm of the sulphur; in oxidizcal onxs it is mostly dm^ to driving 
off tin* water of fiydriiticm. The ■wat(‘r so combiin*d, in many on‘H may 
h(‘ c|uite large. Iron in oxidized unroastcnl or(*H is almost always in tin* 
form of b*rric fiydriite (linninib*), 2 Ke() 3 , 3H./), which contains 14.4 |H*r 
c(*ni. wilier, all of which is driven off in roasting. Himilarly otln*r sub- 
slanres give ii{i their water of hydration, ami sonn* of tin* (4(*nn*ntH arc? 
(‘liniimit.ed by volatilization. 

Tin* loss of weight in sulphidi* or(*s is repreHC*nted by tin* Hiibst.it-ut ion 
nf oxyg(*n for siilfihur. From the c»quation 

4 FeB 3 + 1 1 (>2 ■ 2F<*20a 4 - 8SO3 

tlie loss of weight of pyrites eiiri readily lie (ailculaicH:! that 3 parts of 
parts Fe/lg, but the matter is usually not so simple as this, owing 

lo Aftmr if f tt iti i\rt% iiTtfl llir» mfitininr in wbbUi fbn mminniticy 
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sulphur is combined. If, for example, there is galena (PbS) in the ore 
and is oxidized to sulphate (PbSOJ, there has been an actual gain of 
weight of 4 atoms of oxygen, or 27 per cent. 

The loss of weight can readily be ascertained from the difference in 
weight between the raw and roasted, as it is charged and withdrawn 
from the furnace. This method is expensive and not quite accurate 
because the dust loss cannot usually be taken into consideration. The 
loss of weight is best and most conveniently obtained by direct experi- 
ment. This is done by weighing a small average sample of the ore, then 
thoroughly drying it; weighing it again, and then roasting it in a roasting 
dish, in a muffle, to the same extent as the ore is roasted in the mill. A 
sulphur determination will show this. From the differences in weight 
between the raw ore, the dried ore, and the roasted ore, the loss due to 
moisture and the loss due to roasting can easily and accurately be 
ascertained. 

A ton of roasted pyritic concentrates will occupy about 24 1/2 cu. ft. 
This is derived from 2800 lb. of raw ore, which will occupy about 23 2/3 
cu. ft. per ton. A ton of the concentrates after roasting will weigh from 
1450 to 1700 lb., and will occupy about 17 1/2 cu. ft. The loss of weight 
in Cripple Creek ores, due to roasting, is usually from 5 to 7 per cent., 
based on the control samples. Of this loss, about 2 per cent, is for 
moisture, and from 3 to 4 per cent, dust and volatilization loss. Of the 
volatilization loss about 1 per cent, is accounted for by the elimination 
of the greater portion of the sulphur. The accountable dust loss is 
about 2 per cent., and the unaccountable loss amounts to about 1 per cent. 
Much of this unaccountable loss is due to unsettled dust going out of the 
furnace stacks, and some also due to unrecovered dust in crushing and 
roasting other than flue dust. 

At Butte, in roasting copper concentrates, containing 35 per cent, 
sulphur down to 7 per cent, sulphur, the loss of weight, including flue dust, 
is about 20 per cent. 

In roasting Black Hills ore, containing 11 per cent, sulphur, down to 
0.08 per cent., there was a loss in weight of 21 per cent., even though the 
ore was apparently thoroughly dry. This ore was very talcy, and the 
great loss was evidently due principally to the water of hydration. 
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CHLORIDIZING ROASTING 

Object of Chloddizing Roasting. — -Most of the c.hlorideH, at eleva.t(‘d 
t(^ni|H‘nLtur(‘s and in tlu^ I)r(‘.s(nic<i of Hul|)hid(‘S or sulphates, have the 
|)o\vcu* of eonv(‘r(ing copixu' and silv(‘r into their r<\speetivc (*.hlorid<ns^ and, 
to some i^xtent, tins gold also. To roast in tlui pnisencc of chlorides, 
usually sotlium ehlorich^ (common salt,), is known as “Chloridizing 
Roast irig.’’ dTu^ t(‘rm “ chloridizing’^ is limit(‘d to the production of 
chloridt'S l)y ilu‘. inttu’changing of chloriiui from its chloride coml)inations, 
usually at cdc^vafcal i(unp<‘ratur(‘s; while the tcuuu chlorinating'^ is 
limitcsl U) tlu‘ prcaluction of chlorides, usually in the wet way, by the 
application of fna*. chlorine. 

Th(* o!»jects (jf chhu’idiziug roasting are: 

1. In cop|H*r on‘s, or in gold and silvtu' on's containing copper, to 
convtu’t thc‘ ('(>pp<‘r intcj (’hlorid(‘s, which will not, nuud, with (‘liloriiu^ or 
tlu‘ atdds, hut which are directly soluide in waUu' or in cldoritle 
H(jlut ions. 

2. In silver ores, or in gold and copp<*r orc^s containing silvcvr, to coih 
v(*rt f h(‘ insidul)h‘ nu'tallic*. silvm* or its insoluble eompounds, into tlu‘, more 
soluble* silvcT c‘!iI(Hach‘. 

2. In any ore, to cemvert the lutrmful elenumts into less liarmful 
compounds. 

4. To aHsist in a more (dlicient oxidizing action than is j)OHHibh», under 
tlie same conditiems, in ordinary oxidizing roasting. 

Met nllie silvt*!* is not n*adily Koluhle in any of tlu^ conum^reial claunical 
Holveiits, Tlie silver clilorhh* is nuidily solubh*, eithc*r in (diloridt* solu- 
tions, sodium (U* caltauin hyposulphite, or in potaHsium or sodium 
cyanide. If, thc*refore, a high percumtage of the* Hilv<*r can converi(*d 
into tliii t'lihjrifle, a cjuick and correspondingly high pm-ctmtage of tlie 
Htlvc'r can be t*xiracted. 

If tlie ore emiiaiiis cojiper, or if a copper ore is trcaited by a chloride 
|)ri)cc*ss, it is fr<M:|uenily dc^siraldo to convert the copper in the ore intr> 
tin* soluble cupric chloride, so as to save acid, if an acid process is used. 
It may be ehc^aper to convert the copper into clilorich'm at tiic^ expemse of 
a cheap material, such as salt, than to let the oxides react with tlie more 
expensive acids. Chloridizing roasting is largely used in the extraction 
of copper from its ores. 
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Most of the chlorides arc soluble iii water; if desired, many of the 
objectionable elements in the ore may be removed by a preliminary 
washing, after roasting, and before appl 3 'ing the chemical solvamt. 

Of the metallic sulphides usuall}" associated with copper, gold and 
silver ores, those of iron, copper, lead, and zinc arc th(‘ most common. 
Of these, only the iron and copper sulpliides, are available^ to naict with 
the salt; while those of lead and zinc remain <|uite indilbu'ent. 

Adaptability of the Various Ores to Chloridizing Roasting.— Ot tokar 
Hofmann^ ^i-ptly classifies the adaptability of the various ores to chloridiz- 
ing roasting, as follows: 

1. Those like iron and copper pyrites, gray copper ore, and silvcT 
copper glance, which in roasting form sulphates, and discompose salt, 
liberating chlorine. 

2. Those like galena and zinc blende, which form sulphati^s remaining 
indifferent to salt. 

3. Antimonial and arsenical silver minerals whiidi fman anlimonates 
and arsenates of silvcu*. 

The gangue remains indiffiu'int, likii quartz or porphyry, or iitak<‘s 
an active part, like limestone, talc, spar, manganese, and mintu*als ctm- 
taining magnesia. 

If ore consists of minerals of the first group together' with an imlifTenmt 
gangue, chloridizing roasting offers no diframlty and a liigh chloridization 
can 1)0 obtained without much loss of silver by volatilization and no 
s|)ecial skill is reijuircal in the* roasting; neithm* does it matt{*r if tlie salt 
is addial to tlii^ cdiarge bidore mitering thi! furnace or after it lias beim 
subjected to partial oxidizing roasting. 

The proc(^ss of chloriilizing roasting biammes more difficult if one or 
botli of the minerals of the secoml class are present in large c|uantities, 
evem if assoiuated with an indifferent gangue. 'With sucli ores the lime 
of adding the salt biaaimins wry hn\un'tnnL "If added befeu’e the cliargi! 
enters the furnace a very inferior ehloridization is olitained, as is also the 
case if the salt is added biffore thi^ oxidizing period has Huflieieiitly 
advanced. Moreover, the tempi.^rature and air Bii{)ply re(|iiiro mucdi 
attention. 

Tlie roasting is still more diflieult^ if all tlie classeH of orct are n*pre- 
sented in c;onneetion with a gangut* likti liinestoiM! wliich takes an iietivo 
and injurious part in tlie operation. 

Chemistry of Chloridizing Roasting.— llie sulpliiil(*H in the ore, 
mostly relied upon for cldoridization, are those of iron and copper. The 
BiilphatcB of these metals, formcal during the roasting, rcaict wiili the 
salt to form sodium sulphate and the chloridc^s of the met-iilH. Some 
hydrochloric acid and chlorine are formed at the same time, largely due 
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to the action of the sulphur trioxide and sulphuric acid. The following 
reactions, represent in a general way the chloridiising action: 

2Naa+ FeS 04 = Na,S0,+FcCU. 

2 NaCl+ CuS 04 -Na,S 0 ,-hCuCL. 

2 NaCl + 2SO, = Na.SO ^ + 2C1 + SO.. 

2NaCl+ ILS0, = Na,S 04 + 2 IlCl. 

The chlorine and (chlorides thus formed react with the silver and silver 
sulphate to form the silver chloride: 

FcCL>-f AgS 04 - 2 AgCl+FeS 0 ,. 

OuOl, -S AgSO 4 = 2A gOl + CuSO 4 . 

2 N*aCl AgS 04 = 2 AgCl + Na,S() 4 . 

2 1 1 01 T 2 A g + 0 = 2 AgCJl + 1 1 i). 

Cl -f Ag - AgOI. 

Any or all of tlusscj reactions may take place at the same time. The 
salt, reaching with th(^ sulphat(\s of iron and coppea*, (umveri-s those nudals 
into tluur higher chlorides, wliile the chlorine and hydrocdiloric acid an^ 
formcHl at tln^ same tiinc^. Both cJiloriiui and hydrocldoric acid, at tlnj 
temp(a*ature of the roasting furna(‘.e, r(‘a(di n^adily wil.h nuitallic. silv(‘r or 
its sulphate^ to form the Hilv(‘r chloridi^, while tlu^ (ddoridi^s of iron and 
copper, in chloridizing the silvca*, may ])ass r<‘peat(ully from the fcaaic 
and cupric condition to that of tiic ferrous and cuprous: 

2 Fc‘Cl 2 I-2C1 -2FeCl,. 

2 F(‘( n, P 2 Ag -- 2 K(‘( n, } 2 Ag(Jl. 

2 Cu(n T2C1 =^- 2 Cu(n,. 

2 CuCl, + 2 Ag - Cu/JU + 2 Ag( d. 

Th(‘ f(n*ric (*hlorid(!, Fc01.„ is volatile and at a rvd luMit, chloridizc^s 
the silvcn* with gnait avidity. The ferrous c.hlorichj at tlie. same tinu^ is 
resedved into fcn’ric^ oxide and hu'ric ciiloridcn 

:UA‘CU + 03 -F(u 0 , f 2F(‘C1,. 

In contac‘t with a(|U(u)UH vapor, and tlui find gasc^s, at a nsl hc^at, tlie 
ferrous chloride may he cu)nvcu*ted into tlu', magmvLic oxide: 

3Fi‘C4 d-tlFO -FcgO., + 6IICI + 211. 

The magnetic oxide may l)c again reeonvert.ed into the ferric, oxide, 
in thc^ presence of salt and at a lower temperatures, as was shown con- 
cluBively by Htetefeldt^ who succeeded in converting an on^ (smtaining 
67.2 per cent, magrudite to 1.4 per cent, after 4 1/2 hours' roasting 
with 5 per cent. salt. 

Cupric chloride (OuGl^) is easily decomposed at a red heat into cuprous 

* Trans. A. I. M. E., 1885-1886. 
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chloride (CU 2 CI 2 ) and free chlorine, which gives free chlorine available 
for the chloridization of the silver. 

Arsenic and antimony form chlorides, which are easily volatile 
and which may be decomposed into arsenous and antimonous acids 
and chlorine and hydrochloric acid, by means of the oxygen, and the 
vapor from the burning fuel. These chlorides, however, will mostly 
escape without decomposition. If the temperature is low and the salt 
has not been added until the arsenic and antimony have been largely 
driven off, the soluble arsenates and antimonates, in the roasted ore, 
will not usually be present in sufficient quantities to seriously interfere 
with the extraction. If the raw ore contains arsenic and antimony in 
large amounts, much of the silver may be converted in the early stages 
of the roasting, into arsenate and antimonate. Ottokar Hofmann found 
in roasting arsenical ore that 53.8 per cent, of the silver was soluble in 
sodium hyposulphite, probably as arsenate of silver, before the salt was 
added to the ore. 

Arsenous oxide volatilizes at 218° C. Chlorine, with the aid of heat, 
decomposes the sulphide of antimony completely, forming the trichloride 
of antimony and sulphur dioxide. The trichloride of antimony melts at 
70° C. 

Zinc. — Zinc blende, in oxidizing roasting, is converted into zinc 
oxide and zinc sulphate, while sulphur dioxide escapes. In the presence 
of salt, zinc blende remains indifferent and does not decompose salt, at 
least at the temperature used in chloridizing roasting. Salt does not 
decompose zinc sulphate. Zinc oxide may be converted into the chloride 
at a red heat. By the action of chlorine and hydrochloric acid zinc 
chloride is formed, which is very volatile. In ore which has been given 
a chloridizing roast, the zinc is usually found as the oxide, sulphate, and 
chloride. Zinc oxide, like the calcium and magnesium oxides, is com- 
pletely soluble in acids, so that when an acid process is employed to 
extract copper or silver, zinc must be regarded more or less as equivalent 
to calcium and magnesium. In the chlorination of gold ores, when the 
chlorine is applied direct without the use of acids, considerable quanti- 
ties of zinc will not seriously interfere with the treatment. Both zinc 
oxide and zinc sulphate react very slowly with chlorine. 

Lead. — If galena is subjected to chloridizing roasting, especially in the 
presence of sufficient air, most of the lead is converted into sulphate, 
which does not react on the salt, and oxide, which may be converted 
into the chloride. Both lead oxide and chloride are volatile, while the 
sulphate remains indifferent. In the roasted ore, the lead will be in the 
form of sulphate and chloride, but the sulphate will predominate. 

Calcium Carbonate. — Carbonate of lime, when roasted with metallic 
sulphides, will change partly into calcium sulphate and partly into the 
oxide (lime). The calcium sulphate does not act on salt, but the oxide 
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decomposes the metal sulphates and chlorides, and also, to some extent, 
the silver chloride. Calcium oxide, or carbonate, does not absorb 
chlorine whem cold, but at a red heat combines with it to form calcium 
chloi'ide, wit.li the evolution of oxygen. If the ore contains calcium 
carl)onate in hirge excess, only a small quantity of iron and copper sul- 
phates will l)(‘ formed, to decompose the sodium chloride. Most of the 
iron and (V)})|)er sulphid<_\s in the ore will be converted directly into the 
oxides. Sinc(‘ the sul|)hates of iron or copper arc necessary to release the 
chloriiu‘ in t he salt, and tlunse sulphates arc not formed or arc immediately 
appropriat(‘d by t,h(‘ lime, the salt will not react to release chlorine or hy- 
dro(‘hIori{! axnd, which are the most active elements in chloridizing roast- 
ing of <‘o|>p(‘r, gold, and silver ores. The lime itsc^lf is quite indifferent to 
silvtu' chlorid(' at low temperatures, but decoinposeB it energ(‘tically 
wh(‘n lh(‘ t(unp(u'ature reachevs red lu^at. If there are more sulpludes in 
ilu^ or(^ than ar(‘ ma-essary to (convert the liim^ into sulphate or chloride, 
usually a good chloridizat ion ()f the silvcu’ and copper may l>e obtained. 

Thi) practical (‘fleet of lime, in the formation of silver chloride, in 
chloridizing rousting, is (clearly shown by a w(ill conceived experiment by 
Oitokar Hofmann* tm concentrates containing large quantities of sul- 
phur, arsenic, iron, considerable xinc, some lead and aluminum. Tlui 
ohjtM’t of th(‘ (‘xp(‘rimc‘nt was to asecirtain the (vfhu^t of varying (luantities 
of calcitim (‘arlunuite, in th<^ formation of silver cldond(‘, ail other condi- 
tiems r(‘maining ihe^ The om was roasted one-half hour with 7 


p(‘r c(‘nt. 

salt. 



, 



! 1 

IVr of I>ftrr<ni 

Valu« of mixiiirct 

1 

Valuta of Ioiu‘h 

Uliloridixa™ 

N(». i 

1 

cinnmti'aiu 

JlllxfUftt 

gAUKUt in mixturo 
i mtwtly Ofa!C >3 1 

; ] 

por ttwit o«. ftSlvt^r 

tjuli p«y ion 
«Uvw 

tian per ceiii. 

1 I 

ItM) 


tm.o 

2.01 

07.0 

2 ^ 

75 

25.0 j 

72.0 

5.38 

02.6 

■ 

62 

57, n 1 

1 60.0 

4.72 

02.2 

4 

! 

f)0,a 1 

t 4S,0 

5. 38 

88. B 

r» 

25 

I 75.0 i 

24,0 

5.47 

77.2 


The del(d..eriotw effect of the lime is very evident from iluwe resuliH. 

Magnesium usually ocemrs as the carbonate, and in chloridizing 
roasting, as in oxidizing roasting, has about the same effect as calcium. 
Magne^sium carl donate is decomposed at 170^ C. (338^ F.) into magnesium 
oxide. If ih(‘re are Hiilphidea in the ore, inucdi of the magne^sium will be 
converted into the sulphate. The sulphate is quite infusible, melting 
only at aliout 1100® C. In chloridizing roasting the magnesium combines 
with the chlorine to form magnesium chloride (MgCl^), with the liberation 
of oxygen. Magnesium chloride fuses at a red heat, 708® C. (1300® P.). 
Magnesium chloride is more positive in its action than sodium chloride. 
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Quartz. — Quartz is the most desirable gangue in chloridizing, as 
it is in oxidizing roasting. Silica is indifferent to any action in chloridiz- 
ing roasting, unless perhaps, it promotes the formation of chlorides and 
oxides by catalytic action. 

Barium sulphate, which occurs quite frequently associated with 
silver ores, remains inert during chloridizing roasting. 

Alumina is not fused by heat alone, nor is it decomposed by chlorine 
at any temperature. 

Sodium sulphate, so abundantly formed during chloridizing roasting, 
may be considered a neutral substance in any of the hydrometallurgical 
processes. It is usually filtered off before the solvent is applied. 

Silver sulphate is completely decomposed by sodium chloride, at the 
temperature of the roasting furnace. 

Percentage of Salt. — The percentage of salt used at various mills 
differs greatly, depending largely on the character of the ore, principally 
the gangue. More salt has sometimes been used than was really needed. 
Aaron when roasting a pyritic ore with 4 per cent, salt, found an enor- 
mous loss by volatilization; later he reduced the amount of salt to 3 lb. 
per ton of ore, and got satisfactory results. Ordinarily, the amount of 
salt for silver ores will vary between 1 and 5 per cent., although much 
greater percentages than these have been used. Only 3 per cent. wavS 
used at Panimint, California, and gave a chloridization of 95 per 
cent. The amount of salt is largely proportional to the amount of 
lime or magnesia in the ore. An excess of salt does not improve th(i 
chloridization. 

If copper, instead of silver ores are to be chloridized, the amount of 
salt required will be larger. If the copper contained in the ore is consider- 
able, the amount of salt will be roughly proportional to the copper. From 
5 to 10 per cent, might be considered fair averages for ores containing 
only several per cent, of copper. 

The minimum amount of salt that may be used for any ore is best 
determined by direct experimenting. First determine the conditions of 
time, temperature, and fineness of the ore, which will give the highest 
satisfactory chloridization with an abundance of salt, and then reduce it 
in successive roasts until a minimum is obtained which will show no ap- 
preciable difference as compared with the highest chloridization possible, 
with an abundance of salt. 

Time of Adding Salt. — The time of adding salt is governed almost 
entirely by the composition of the ore. If the ore is low in sulphur, the 
salt may be added before the ore is charged into the furnace, preferably 
before it is crushed, so as to get an intimate mixture of ore and salt. 
If' the ore contains considerable sulphur, combined with iron or copper, 
the ore may be given practically a full oxidizing roast before adding the 
salt, and still have enough sulphur in the ore to chloridize the silver. If 
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copper is to be chloridized, the ore should contain at least as much 
sulphur as copper before the salt is added. If the ore contains consider- 
able zinc and lead sulphides, the sulphur combined with the zinc and lead 
may be disregarded for the purpose of chloridization, and the ore given 
an oxidizing roast previous to adding salt, if the sulphur combined with 
the iron and copper is large; if the sulphur so combined is small, the 
salt is best added at once to the raw ore. 

If the ore is thoroughly oxidized, and docs not contain sufficient sul- 
phur, either as raw ore, or after a thorough oxidizing roast, the salt and 
pyrites, both finely ground, may be added to the ore. Fca-roiis sulphate 
may be used instead of pyrites, but is much more c^xpemsivc. 

If the salt is added while there is a large excess of sulphur in the ore, 
it will largely be volatilized without doing any good. If the salt is addcal 
at the proper time, the chloridization takes placa^ veuy rapidly. 

Heap Chloridization. — Imperfectly roastc^d ore, alder ])(‘ing drawn from 
the furnace and placed in a mass on the cooling floor, or in a ])it, will gain 
in chloridization, largely in proportion to th(j imjxudet^tru'ss of tlui roast. 
On very poorly roasted ores it may gain as much as 50 and 75 jxn* (umt. 
The reactions whi(di take place in lump chlojidization are (isscmtially the 
same as those which take i)la(ie in the furna(‘.e. In any w(‘ll n^gulatcui 
mill, the ore is probably luwer so }) 0 ()rly roasted but that all the ii’on and 
copper sulphides are decomposcid. 

From the reactions given for c.hloridizing roasting, it is evident that 
air is not essential to the chloridization after the sulpiiidc^s have b(u*n 
converted into the sulphates. Small cpiantitic^s of air, how(vv(‘r, permeate 
the mass and promote the reactions. 

Ores which are well roastcul in the furnaces, ami which is the ordy safe 
way to roast, do not show any increase in chloridization in the lumps, pit, 
or cooling floor. 

If the ore does not contain lime in considerable^, (piani/ity, moisieming 
the hot ore adds to the chloridization of the silver and this is (‘spexually 
the case if the ore contains copper, or is moisbrmxl with a sohd-um of 
cupric chloride. If the ore contains apj)r<xdaiblc» (puuitiiJes of linu^, Hum 
instead of adding to the chloridization, tluua^ is like^ly l-o Ix^ a diminution. 
A loss of chloridization of 10 per cemt. has Ixxiu known to exunir in this 
way. 

Composition of the Roasted Ore. — Ores which luwo Imm subjcxtted to 
chloridizing roasting contain a great nund>er of soluble salt^H. Of tlu^se', 
sodium sulphate, resulting from the dee-omposition of the salt, and the 
undecomposed sodium chloride, predominate. Besidcis tlu^se tlien^ may 
be the sulphates of manganese, zinc, co|)per, iron, aluminum, and mag- 
nesium; the chlorides of the same metals and of calcium and barium. 
The barium chloride will be immediately decomposed on solution, and 
precipitated as insoluble barium sulphate. Sodium arsenate is also 
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present if the ore contains arsenic. Salts not easily soluble in water, are 
cuprous chloride, lead chloride, calcium sulphate, sodium antimonate, 
and calcium oxide. Lead chloride, on solution, will be precipitated as 
lead sulphate. Silver chloride, lead sulphate, and antimonate are al- 
most insoluble in water but are soluble in solutions of other chlorides. 
Cuprous chloride, calcium sulphate and calcium oxide are more soluble 
in a chloride solution than in water. If the ore contains large quantities 
of lime, the soluble metals may be precipitated as hydroxides. 

The composition of Ontario raw ore, and of the ore roasted with 13 
per cent, salt in a Stetefeldt furnace, from analyses made by Stetefeldt, 
is given by KusteP as follows: 


Raw ore 

Per 

cent. 

Roasted ore; shaft 

Per 

cent. 

Roasted ore; flue 

Per 

cent. 


9.45 


1.38 


1.07 


6.07 


0.25 


3.08 

Iron 

2.77 

Aluminum chloride. 

1.51 ' 



Copper 

1.41 

Sodium chloride. 

3.68 

Aluminum sulphate 

2.88 

Manganese . 

0.45 

Traces of chlorides of other 



Lead sulphate. 

5.18 

Silver 

0.60 

metals. 


Sodium sulphate 

10.01 

Sulphur. . . . 

7.68 

Aluminum sulphate 

0.56 

Copper sulphate 

0.74 

Antimony. . 

1.20 

Lead sulphate 

3.26 

Zinc sulphate 

1.47 

Arsenic. . . . 

0.20 

Sodium sulphate 

4.62 

Traces of sulphates of other 


Silica 

55.21 

Traces of sulphates of other 


metals. 


Alumina — 

13.14 

[ metals. 


Rest, metallic oxides and gangue 


Potassium 

1.00 

Rest, metallic oxides and 


Sulphur in undecomposed sul- 

0.°64 

sodium. 


gangue. 


phides. 


Bismuth 

trace 

Sulphur in undecomposed sul- 

0.18 



Cadmium.. . 

trace 

. phides. 




Lime 

trace 





Magnesia. . - 

trace 






These results are interesting as showing the condition of the various 
constituents of the ore, after chloridizing roasting. 

Of the silver contained in the ore, 81.32 per cent, was chloridized. 

Volatilization of the Silver. — The volatilization of the silver, in chlorid- 
izing roasting, is largely due to the presence of other chlorides which 
are more volatile than the silver chloride. The volatilization of the 
silver is roughly proportional to the volatilization of the base metal 
chlorides, or to the loss in weight the ore sustains. Manganese seems to 
be particularly active in causing loss by volatilization. Cupric and 
cuprous chlorides, both of which volatilize at a low heat, are likely to 
cause a heavy loss of silver. Arsenic and antimony are also effective in 
assisting the volatilization of the silver chloride. A high temperature 
indirectly causes a high loss of silver by the expulsion of the volatile 
chlorides. 

Much of the loss due to volatilization, is chargeable to the manipula- 

' Kustel, “Roasting of Gold and Silver 0^es’^ 



CHLORiniZINO ROASTJNa 


71 


tion of the ore in the furnace. Any condition which will produce tlu^ 
ehloridization of the silver, if carried to excess, will also causes its volatil- 
ization. Silver chloride, under the conditions of roasting-, is formed at a 
comparatively low temperature by the cliemical reaction Ixvtwcion the 
salt and sulphates. A scarcely visible red heat is (piite sufficient for 
these reactions, and if this temperature is not cx(5eed(Kl, only a small loss 
by volatilization will occur. If, however, the tennierature is elevatcal to, 
say, a bright red, a high loss of silver is sure to take place. A sah^ rulc^ to 
follow, is to keep the ore at the lowest possibhi temperatures at whicli it 
will give off visible fumes. It is best to maintain a ihxqy lay<u* of ore, and 
plenty of air. A small charge of ore spread tliiidy oveu* a large hearth 
area, will show a greater loss by volatilization, than a large charge with 
a deep bed spread over the same area. 

The stirring of the ore should not be too fnapient, l)ut this is not an 
essential if the temperature is not too high. Tliesc coiiditionH for good 
chloridizing roasting are contrary to those desirabh; in tlu^ best oxidizing 
roasting, where the ore should be in a thin lay(3r and ])e stirnsd as fn*- 
quently as possible. Chloridizing roasting can he dom*, with a veay small 
loss by volatilization— frequently only an, inappreciable loss— and it is 
very probable that the great losses recorded are due enfircily to imi>r()p(U‘ 
manipulation. 

In the chloridizing roasting of any orc^s, at an exceculingly low tcmipcu*- 
aturc, a difficulty may arise, in the subH(H[U(mt cluanic.al trcuitnumt. If 
roasted at too low a tcmpcu’ature, somcj of the injurious ehummts may not 
be decomposed sufficiently, so that troulde may arise in tlie csonsumption 
of chemicals when the solvent is applical to th<! onu This, hc)W(W(>:r, is a 
matter for adjustment for each particular on\ and will usually, in sucdi 
cases, resolve itself down to roasting at tlu^ highemt teunperature the ore 
will stand without Bcrious loss by volatilization. 

Almost any on), likely to be tnuited by a solvent ])ro(^eHB, can Ixi 
effectively chloridized, but the oHsential of such roasting is that the loss 
during the process sliould not be sculous, or if stulous, its recovery should 
be carefully considcrcid. With (uire, many silver onm can be givem a 
chloridizing roasting with not much greater loss of silver than in oxidizing 
roasting. 

That there is sometimes a consideral)lo loss of silvcu* in oxidizing roast- 
ing is pretty well CBtablishcd. Plattner in liis ^^Metallurgischo Eost- 
prozesse” goes very minutely into the loss of gold and silver in oxidizing 
roasting. By a series of muffiio roasts on a small scale, he comes to the 
conclusion that while there is no loss of gold, the loss of silver is imavoid- 
able. From niimeroue tests, varying from 3/4 to 1 1/2 hours he records 
a loss of from 0.5 to 18 per cent, of the silver. He concludes that the 
percentage loss of silver increases with the temperature, the porosity of 
the charge which facilitates the supply of air throughout the ore mass, the 



72 


HYDROMETALLURGY OF COPPER 


freedom of the silver from combination with other substances, and with 
the time of the roasting. 

In order to verify the work done by Plattner, Christy^ cites some 
experiments in oxidizing roasting made by himself and others. The 
material used in the experiments were concentrates from Nevada City, 
California, which consisted chiefly of pyrite, with small amounts of 
chalcopyrite (0.05 to 1.5 per cent. Cu), a little galena, a small amount 
of quartz, traces of arsenic and antimony, but no tellurium. The ore was 
given an oxidizing roast of from 1 1/2 to 8 1/2 hours; in the early stages 
at incipient dull red, and finished at dull red to full red. The results 
are tabulated as follows; 


Time of 
roasting, hours 

Raw ore, ounces per ton. 

Roasted ore, ounces per ton 

Percentage loss per ton 

Gold 

Silver 

Gold 

Silver 

' Gold 

[ 

Silver 

1 1/2 

4.58 

27.50 

4.58 

26.44 

0.00 

3.85 

2 1/2 

4.58 

27.65 

4.58 

27.07 

0.00 

2.09 

8 1/2 

4.50 

28.39 

4.50 

27.39 

0.00 

3.52 


These results verify the conclusion of Plattner and others, that while no 
loss of gold occurs in oxidizing roasting, by volatilization, the loss of 
silver may be considerable. 

Butters^ found in roasting a hard white quartz, intimately mixed 
with about 7 per cent, calcite and a very little pyrite, assaying 5.55 oz. 
silver and 0.65 oz. of gold, per ton, that there was a loss by volatilization 
in oxidizing roasting, of 2 to 9 per cent, of the silver, but none of the 
gold. 

It is possible that losses of silver, which have been attributed to 
chloridizing roasting may have been partly due to the loss in oxidizing 
roasting, and especially if some of the silver in the ore is in the form of 
chloride. 

Volatilization of the Gold. — It is pretty well established both by care- 
fully conducted experiments and by the experience of practical metal- 
lurgists, that no loss of gold takes place either in oxide or sulphide ores, 
in oxidizing roasting. There seems to be some doubt in the case of tellur- 
ides, but the experience with Cripple Creek ores, containing tellurium, of 
which hundreds of tons are roasted daily, is, that no appreciable loss, if 
any at all, occurs by volatilization. Kustel records a loss of 20 per cent, 
of the gold during the oxidizing roasting of certain telluride ores of gold 
and silver, and states that this is not a mechanical but a volatilization 
loss. There can be no doubt about the gold, combined with tellurium, 

1 Trans. A. I. M. E., 88-89. 

2 Trans. A. I. M. E., 88-89. 
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volatilizing at elevated temperatures, but whether any volatilization 
takes place at the low temperatures and under the practical conditions 
of roasting, seems very doubtful. 

Tellurides, even in small quantities, are extremely sensitive to chlorine 
at almost any temperature, at which salt is decomposed. Experien(^e 
with Cripple Creek ores, in large 100-ton furnaces, showed apprecia])le 
loss of gold when only a very small amount of salt- — from 1/2 to 2 per 
cent. — was added during the roasting. A loss was shown even when the 
salt was added to the hot ore dropping on the cooling hearth. 

Many ores are known to contain chlorine, frequently as chloride of 
silver or chloride of lead. That ore containing a part of its silver as 
chloride, if given an oxidizing roast, will volatilize small amounts of l)oth 
gold and silver, was proved conclusively by the author in exhaustive 
tests on Tonapah ore. It is probable when gold losses occur in any ore 
in oxidizing roasting, and especially in the tellurides, it may be due to 
small quantities of chlorine. 

Prof. Christy^ made some interesting experinu^nts on the volatiliza- 
tion of gold in the chloridizing roasting of pyritic*. or(‘S. As the n^sult of 
a large number of experinuuits he comes to tlu‘ following conclusions: 

At 100° C. (212° F.) tile volatility of the gold in an atmosphere of 
chlorine, is almost zen-o; tluit the loss Ix^gins, al)ove this tempcn’aturc, to 
rapidly increase to a maximum at a tcmpcu’aturc of about 250° C. (482° 
F.); that it rapidly diminishes to a temp(u*aturc sonK^where l)el()W red 
heat; that it again iiuvnaises, but more slowly, to anoiluvr maximum, at 
a temperature above a melting heat, and that this imuxniso is ap|)arently 
continuous between a red heat and a whiter lunit. Tluj ratio of losses at 
various temperatunjs is also instructive; at incipient nidm^ss the standard 
loss is already 0.05 per camt.; at a ch(‘rry red it is five to scwcai timers as 
great as at incipient redne^ss; at incipitmt yellow it is more than eight 
times what it is at incipient red; while at nudllng heat it is nearly thirty 
times as great. 

Crosly'^ found with a certain California pyritie ore, assaying about 
$110.00 in gold, and $40.00 in silver, that an oxidizing roast showcul no 
appreciable loss, but when the salt was added, losses appeared rapidly. 
Thus, according to his tests, with 3 per cent, salt the gold loss was 30 
per cent, and the silver loss 50 i)er cent, of the assay value. He at- 
tributed the loss to the presence of tellurides, which he supposed w(U’e 
present. 

Aaron® found a large loss in roasting a simple pyrite in a 3-luuirth 
reverberatory furnace, with 1 to 2 per cent, of salt, which was added 
on account of the silver. He then made two tests on a small scale; 

^ Trane. A. I. M. E., 1885. 

® Trans. A. I. M. E,, 1888. 

® '‘Leaching Gold and Silver Ores/' 1881. ’ 



74 


HYDROMETALLURGY OF COPPER 


one with 4 per cent, salt, the other without any salt, and purposely 
pushed the roasting to an extreme as to time and temperature, and 
found on assaying that the salted ore contained less than half as 
much gold as the unsalted one. He also found that the ore, in 
roasting, sustained a loss of 18 per cent, in weight, and consequently 
should have assayed 18 per cent, more than the raw ore, which was not 
the case. By modifying the roasting, so as not to add the salt until the 
dead roasting of the ore was finished, not only did the roasted ore assay 
20 per cent, more than the raw ore, but the yield overran the guarantee, 
while the tailings, nevertheless, contained considerably more gold than 
before. He afterward found that a very small quantity of salt — not more 
than 3 lb. per ton of ore — might be mixed with the raw ore without 
detriment to the gold and with decided advantage to the extraction of 
the silver. 

The principal object of roasting gold ores, containing silver or copper, 
with salt, is to chloridize the small amounts of silver and copper, and in 
some cases to neutralize substances in the ore, which might be injurious 
to the solvent. By a partial chloridizing roast, or even with an oxidizing 
roast, it is practicable to get a high extraction of both the gold and silver 
by either the cyanide or chlorination processes. If it is simply a matter 
of neutralizing injurious substances in the ore, this can be done in 
chloridizing roasting by not pushing the operation to the limit, and if not 
carried beyond the point required to satisfy the base elements, no 
appreciable volatilization of either gold or silver will occur. 

Chloridization of Copper Ores. — ^According to Von Kothny^ by roast- 
ing copper sulphide mixed with iron oxide and sodium chloride prac- 
tically all the sulphur goes into sulphate and about half the copper 
is transformed into chloride. Anhydrous cupric chloride mixed with 
sodium chloride and heated in a current of air to 250° C. gives off 
chlorine. The decomposition of copper sulphate by sodium chloride 
begins at 280° C. Ferric chloride converts copper oxide into chloride 
very rapidly at temperatures from 500 to 600° C. The formation 
of copper sulphate by roasting with copper oxide in the presence of 
sodium chloride plays no part. At temperatures of 300 to 600° C. ferric 
sulphate converts copper oxide slowly into sulphate- Chlorine is with- 
out direct action on cuprous sulphide. The reactions involved in the 
Hargreaves process by which hydrochloric acid is formed plays no part 
in converting cupric oxide into chloride. Von Kothny concludes that 
the mechanism of the chloridizing of pyrite cinder containing a small 
amount of copper and sulphur, is as follows : The copper is present largely 
as sulphide, which by an oxidizing roasting is converted into sulphate and 
oxide. Sodium chloride acts directly on the sulphate and ferric chloride 
on the oxide. To insure chloridizing of such material it must be finely 

‘ MetaMurgie, July 8, 1911. 



CHLORIDIZING ROASTING 


75 


ground; a large amount of air must be admitted in the oxidizing roasting 
period and stirring must be resorted to to insure contact with oxygen; 
sufficient pyrite must be present to furnish the required amount of ferric 
chloride and is best added in a weathered form; for 4 per cent, copper 
content at least 7.5 per cent, salt must be added; the process should be 
carried out at temperatures between 500 and 600° C. For a full discussion 
of chloridizing roasting of copper ores see Longmaid-Henderson process, 
Part II, page 246. 

Principal Factors in the Loss of Silver, Gold, and Copper by Volatiliza- 
tion- — The principal factors, controling the loss of silver, gold and copper 
by volatilization, in chloridizing roasting, have been well established both 
by practice and careful experiments. These, in the order of their im- 
portance, arc: 

1. Temperature. 

2. Time. 

3. Amount of air, or surface exposed. 

The amount of salt has some influence on the volatilization, but it is 
supposed that the amount of salt used is the least that will give satisfac- 
tory results, and once determined, becomes constant. 

The presence of volatile substances, such as arsenic, antimony, 
selenium, tcjllurium, and the chlorides of copper and iron, also affect the 
volatilization. Gold is particularly sensitive to tellurium in chloridizing 
roasting. Ikit as tluise arc constituents of the ore, they cannot be con- 
sidered as variable, or controllable factors, except in so far as preliminary 
oxidizing roasting may eliminate them. 

Temperature is the all important factor in chloridizing roasting. Any 
ore chloridizcd at an excessive heat will volatilize much of the metals, 
irrespecjtivc of any considerable time, or in any atmosphere attainable in 
a roasting furnace. If the temperature is kept at the lowest possible 
point at which the metals can be chloridizcd, then the time of roasting 
and thc5 amount of oxygen in the furnace atmosphere is immaterial. By 
merely changing the temperature, from 10 to 80 per cent, of the metals 
may be volatilized in a short time; or only a few per cent, may be vola- 
tilized after several hours roasting, all other conditions remaining the 
same. 

Russel, experimenting with Ontario ores, found a volatilization of 8.3 
per cent, of the silver at a dark red heat, and of 17.6 per cent, at a cherry 
red. Ottokar Hofmann^ found in roasting calcareous ores containing 
large quantities of zinc and arsenic, that the ore lost 3.5 per cent, of 
its weight and 1.8 per cent, of its silver was volatilized when roasted 
at a low temperature; the same ore roasted at a high temperature 
with insufficient air, lost 7 to 13 per cent, of its weight, and 15 to 25 

^ Min. Ind., 1896. 
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per cent, or more of the silver. He also found^ on an ore consisting 
essentially of 25 per cent, zinc, 12 per cent, lead, 21 per cent, sulphur, 
7 per cent, iron, and 10 per cent, calcium carbonate, that the loss by 
volatilization varied from 1.7 to 15 per cent. The least increase of tem- 
perature above a dull red, caused a heavy loss, even if the increase 
lasted for only a short time. The average of 31 days roasting at a high 
(almost white) heat was: 

Chloridization of the silver, 72.7 per cent. 

Loss by volatilization, 17.9 per cent. 

Roasted at a low heat (not above a dull red) : 

Chloridization of the silver, 81.5 per cent. 

Loss by volatilization, 1.2 per cent. 

The chloridization in favor of the lower heat was 8.8 per cent, and a 
decrease of loss by volatilization of 16.7 per cent. 

Time. — The volatilization of the silver, gold, and copper, in chloridiz- 
ing roasting, is approximately proportional to the time of roasting, other 
conditions remaining the same. If in chloridizing roasting, an ore will 
lose, say 1 per cent in the first hour after the salt is added, it will lose 
approximately 5 per cent, after five hours roasting, if the conditions 
remain the same. 

Air or Oxygen. — Time and temperature remaining the same, the vol- 
atilization will be approximately proportional to the amount of air 
supplied to the ore. If a ton of ore is roasted on a hearth area of 100 sq. ft., 
shows a volatilization of say, 1 per cent, per hour, it is likely to show 2 
per cent, per hour if spread over a hearth area of 200 sq. ft. 

Experiments as Compared with Practice. — Almost all tlie chloridizing 
roasts made in preliminary tests, in a muffle, will show a higher loss by 
volatilization than will subsequently be found in practice. There is no 
appreciable loss in heap chloiddization, when improperly roasted ore is 
withdrawn from the furnace and the chloridizing allowed to proceed on 
the cooling floor. Neither does any appreciable loss occur when the 
damper of the furnace is closed, so that the furnace has no draft and no 
fresh air supply. 

Relation of Sulphur to the Chloridization of Silver and Gold.— Chlorid- 
ization of the silver, in chloridizing roasting, may take place very rapidly 
under proper conditions. If the ore contains an excess of sulphur, 
chloridization will not take place to any appreciable extent, until some 
of the sulphur has been eliminated, even if there are sulphates present. 
This may be due to the reducing action of sulphur dioxide, or other reduc- 
ing gases, which are likely to occur in abundance in the early stages of 
the roasting. 

^ Erhgzneering and Mining Jowmol^ 1888 - 89 . 
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In order to determine the relation of the chloridization of the silver 
and gold to the sulphur, and the progress of chloridization during the 
roasting, the following interesting results were obtained by the author 
on Tonapah concentrates, which consisted largely of silica and iron 
pyrites, about 3 per cent, lead, and small quantities of zinc, copper, 
manganese, and antimony. The raw ore had 16.35 per cent, sulphur, and 
assayed 615.0 oz. silver, and 6.50 oz. gold per ton. The roasting was done 
in a furnace having a hearth ai*ea of 100 sq. ft. The concentrates were 
first given an oxidizing roast for two hours, after which 10 per cent, 
salt was added and samples taken every hour. 



Sulphur, per cent. 

Roasted ore, 

Hypo tails, 

Chloridization, 

Time, 




value 

ounces 

value ounces i 

per cent. 

chloridizing 










roasting 











Total 

Soluble 

Iiisolulde 

Silver 

Gold 

Silver 

Gold 

Silver 

Gold 

0 hours 

10.35 



015.0 

0.50 





1 hour 

9. ‘15 

3.00 

0.15 

OlO.O 

0.45 

0S0.2 

7.30 



2 hours 

7.10 

4.05 

2.45 

012.0 

6.00 

700.0 

6.80 



3 hours 

0.05 

5.32 

1 .33 

010.0 

0.35 

420.0 

0.00 

31.7 

7.1 

4 hours 

6.45 

5.00 

0.85 

580.0 

6.20 

140.0 

5.80 

77.2 

10.5 

5 hours 

0.25 

5.70 

0,55 

580.0 

0.13 

78.0 

3.40 

87.7 

47,4 

6 hours 

0.15 

5. so 

0.35 

575.0 

0.00 

20 . 8 

3.00 

95.5 

53.6 


It will be noticed that no chloridization took place the first 2 hours of 
chloridizing roasting, notwithstanding that there was from 3.0 to 4.65 
per cent, soluble sulphur in the ore at that time. The same results in 
chloridization would doubtless have been obtained if the salt had been 
added three hours later than it was, or after the ore had been given an 
oxidizing roast for 5 hours. 

The high value of the liypo tails after 1 and 2 hours chloridizing 
roasting, is due to the fact that th(u*c was no silver chloride formed, and 
in leaching with the liypo the soluble matter was removed, thereby 
somewhat concentrai.ing the value of the ore. 

The high soluble sulphur in the roasted ore is mostly due to the 
sodium sulphate formed l)y the roasting. Some of the insoluble sulphur 
may have been in tlu^ form of lead or calcium sulphate. 

Determination of Loss by Volatilization.— In order to roast skillfully 
it is of great importance to frequently ascertain the loss by volatilization, 
but to do this it is necessary to know the loss of weight the ore sustains. 
In practical handling of the ore this is difficult and inconvenient. Hof- 
mann^ gives the following method, which can be performed in an assay 
office in a few hours: 

“Ten grams of the raw pulp, containing the same percentage of salt 
as the ore in the furnace, is placed in a roasting dish and roasted in the 

^ ‘^HYdrometalhirfi-v of Paere 22. 
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muffle for half an hour or an hour; then the sample is removed from the 
muffle, allowed to cool, weighed, returned to the muffle, roasted again for 
half an hour, and then weighed again. This is repeated until two weigh- 
ings are alike, or until in the last half hour the ore does not lose more than 
2 or 3 mg., then the difference between the original weight and that of 
the last weighing, expressed in percentage, gives the highest possible 
loss the raw ore can suffer. 

Ten grams of a sample of roasted ore, corresponding with the sample 
of raw pulp, is placed in a roasting dish, and also roasted in the muffle 
until two weighings agree, or the difference between two consecutive 
weighings is not more than 2 or 3 mg. The difference between the first 
weighing (10 grm.) and the last, expressed in percentage, gives the weight 
which the roasted ore is still capable of losing if subjected to prolonged 
roasting. If we deduct, therefore, the capable loss from the highest 
possible loss, we obtain in percentage the loss in weight the ore has 
suffered during roasting in the furnace by volatilization/' 

Chloridization Determination. — To determine the amount of silver 
and gold chloridized, it will usually be sufficient for practical purposes to 
take several ounces of an average sample of the ore, and treat it thor- 
oughly with a solution of sodium hyposulphite. It will be found most 
satisfactory to put the ore and hypo in a l)eaker for several hours at least, 
stirring it occasionally, and then thorouglily filter and wash the ore in a 
funnel. It is then dried, bucked, and assayed. If the ore contains large 
quantities of soluble salts, the sample should be weighed before and after 
the hypo treatment, and the difference allowed for in the results of the 
assay. 

Chloridization determinations are sometimes made by taking an 
assay ton, or less, of the ore treating it with hypo, and assaying the 
residue. While this rectifies any error of soluble salts, it introduces a 
more or less uncertain clement in the assaying. 



CHAPTER V 


PYROMETRY 

Color Names of Temperatures. — The temperatures corresponding to 
different colors have been determined quite accurately by White and 
Taylor, by Howe, by Janivier, and by Pouillet. The difficulty in deter- 
mining a certain temperature, by its corresponding color, lies in the 
personal equation of the ol)scrver and the time and conditions of observa- 
tion. Much depends on the susceptibility of the retina of the observer 
to light as well as the degree of illumination under which the observation 
is made. A furnace looks very much hotter at night than at day, and 
hotter in a dark room than in a bright one. The most experienced 
roasterman is unable to compensate fully for these factors, nevertheless, 
the information given by these color temperatures is often convenient. 


White and Taylor 


How© 

Nam© 0 / color 

Temperature 


Temperature 




Name of color 




C. 

F. 


C. 

F. 




Lowest red visible iu the dark. 

470 

878 




Ix>wost red visible in daylight. 

475 

887 

Dark rod, blood rod, low red. 

m 

1,050 \ 


/560 

1,022 

Dark cherry rod 

635 

1,176 / 

Uuii roa 

\ 625 

1,157 

Full cherry red 

746 

1,375 


700 

1,296 

Light cherry, bright cherry,! 

843 

1,550 

Light red 

860 

1,662 

bright red. i 






Orange 

899 

1,660 




Light orange 

941 

1,725 




Yellow 

996 

1,825 

Full yellow 

950 

1,742 

Light yellow 

1,079 

I 1,975 

Light yellow. 

1,050 

1,922 

Whit© ! 

: 1,205 

! 2,200 

White 

1,150 

2,102 





{E, and M.J., Jan. 20, IIKX).) 
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Pouillet I Janivier 


Name of color 

Temperature 1 

Name of color 

Temperature 

C. 

F. 


F. 


525 

977 

Very dull red 

525 

977 


700 

1292 

Dull red 

700 

1292 


800 

1472 

Bright red 

800 

1472 

dif'Tfy T'f‘S 

900 

1652 

Cherry red 

900 

1652 

r^lear roS 

1000 

1832 

Bright cherry red 

1000 

1832 

"PiAfiip nrfirijjrA 

1100 

2012 

Very deep orange 

1050 

1922 




Deep orange red 

1100 

2012 

rUlftnT . . 

1200 

2192 

Orange red 

1200 

2192 

WTiit.pi 

1200 

2372 

Whitish 

1300 

2372 

"Rrijr'ht wViit.A. 

. 1400 

2552 

Brilliant white 

1400 

2552 

DazTiHng whitp 

1500 

2732 

Dazzling white 

1500 

2732 


to 

to 

Blue white 

1600 

2912 


1 1600 

2912 





i^E. and M. July 20, 1905.) 


Pyrometric Determinations. — The only way of accurately determining 
the temperatures in various parts of a roasting furnace, under all condi- 
tions, is by the use of reliable pyrometers, and every roasting plant should 
be equipped with at least one of these instrumcnts. 

Attempts have frequently been made to get uniformity in the quality 
of ore, roasted for treatment by the chemical processes, by establishing a 
system of absolute temperatures in certain parts of the furnace, and so 
firing as to keep those temperatures constant. On theoretical grounds 
this appears quite feasible. The difficulty lies in assuming that the ore 
fed into the furnace is of uniform quality, and that the other essential 
factors, such as air supply, always remain the same. Ore which is well 
bedded, and containing about 2.5 per cent, sulphur, may vary as much as 
0.35 per cent, to 0.50 per cent., in 24 hours. The conditions which 
would be ideal for ore having 2.25 per cent, sulphur would be far from 
ideal for ore having 2.50 or 2.75 per cent. 

Much also depends on the physical and chemical composition of the 
ore. The condition of temperature which would give the best results for 
partly oxidized ore would not give satisfactory results with ore containing 
the same amount of sulphur, from the deeper workings of the mine, in 
which no oxidation had taken place, assuming of course, that the amount 
of ore roasted remains the same. When ore contains an excessive amount 
of dust, it cannot be roasted at the same rate and at the same temperature 
as ore which contains only the normal quantity, and the dust is likely to 
vary, especially when the supply bins get low. 

The temperature of a roasting furnace appears to be very much 
hotter at night than during the day. Inexperienced roastermen are 
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frequently misled by this, and even experienced men cannot jud.i»:e 
accurately within the desired limits. The tendency in the daytime, 
especially in well lighted buildings, is to get the temperature too high, 
and at night to get it too low. In such (aiscis pyrometers are of 
great service in establishing temperatures. They are also of great 
service in determining the temperature beyond which it is unsafe to roa,stu 
Experience and skill in the appearance of the ore as it progresses through 
the furnace, and its appearance after roasting, howewer, are the ])est gen- 
eral guides to obtaining uniform results. . It is questionai)lc whet.her, 
even with a perfect system of pyrometry, the experience and ski]l of the 
operator will not always remain the dominant factor. 

It is a curious fact that when furnaces arc ovta-heated, tlu^ amount 
of sulphur in the roasted ore is abnormally high. One of the dangers in 
employing new roastermcn is, that in their anxi(d.y to got a good roast, 
they invariably fire at too liigh a temperatur<^, willi the r(‘sidt, tluit 
roasted ore contains an unusually large amount of sulphur, |)artly fus(id, 
and is in the worst possible condition for trcuitment by a solvent jrroca^ss. 
Overheated partially roasted ore is also likely to run mor(^ or h'ss likc^ a 
liquid and in this way emerge insuflicumt-ly roa,st(‘d, Pyroamd-cu’s, in 
such cases, are invalual)le as a warning to tlu^. roastc^rma.n when tlu^ saf(‘ 
limit of temperature is being oxcocxlod ErcMjucudJy pyroam^i.i-ir^ didca- 
minations are essential to intelligent work, but tln^y must- Ix^ sup|)l{> 
mented by experience and skill, and not dominates tluun. 

Of the pyrometers in geiuu’al xih(‘, thosc^ of the ho Ohaiedien* type^ will 
be found most satisfactory in roasting work. If thu i.lunmo-ehxd-ric 
couple is protected, it may be inserted into tlu^ furnace; and k(;{)t there; a 
very long time— in fact more or less i)e;rman(;niJy withe)ut apprecial>l(‘ 
injury. The limit of te;mperature at whie;li it is safe; te) use; tlie‘He pyrom- 
eters is a little below the melting point e)f j)latienun, wJiiedi is nbout'32r)(P 
F., although readings above 3000^ E. (;{uine)t be; rediexl upe)n as pcrf(x;t]y 
accurate. In roasting work these tem])(;ratur(\s a-re; newea* approached. 
It is rarely that 17()(P E. (927® 0.) is (;,xe;(;(;(l(;(l. EroJii MOO® E. to lOOO® 
F. (760 to 871® C.) is the usual range; in the hoi, test ]>art of the; furnace, 
for the various ores. Frcqu(;ntly ovuh are; (;ne;e)unte‘rexl whiedi give tin; 
best results at as low a tempen-ature as 1000® F. (52H® (k). It, will b<^ 
seen, therefore, that the e)nly danger to the; the;rmio-(de;e;trii; e;on|)l(,; of the; 
pyrometer is from the furnace gases. Kvm l.his (la.ngt;r is rc;mot.(; in 
any case, and is entirely obviated if the; tli(u*mo-.<;lee;tric ce)uple; is 
protected. 

Several pyrometers inserted at various pe)intH of a large; re)aB<ing fur- 
nace will give invaluable information as to the; limits of temp<;ratur(;, 
which for any particular ore, will give the best (;xtraction. Once t,hc>se 
extreme limits have been determined, it is an easy matter to fire the 
furnace so that they shall not be exceeded. 
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While the determination of the absolute temperatures in roasting is 
not essential, nevertheless it is highly desirable. One of the gratifying 
features of the Le Chatelier type of pyrometer is, that absolute tempera- 
tures may be determined with greater facility and accuracy than the 
relative temperatures may be determined by other means, and absolute 
temperatures are always reliable for comparison. 

The elements of a Le Chatelier pyrometer consist: 

1. Of a thermo-electric couple, which generates, when heated, a 
slight electric current, which is proportional to the heat applied. 

2. A galvanometer so arranged that the deflection of the needle, due 
to the current, indicates the temperature on the scale of the galvanometer. 

3. Flexible wires connecting the thermo-electric couple with the 
galvanometer. 

In using the pyrometer, the thermo-electric couple may be inserted 
directly into the furnace at the points where the temperature is desired, 
and the reading taken. Such a proceeding is awkward and troublesome. 
When only one galvanometer is used, the most satisfactory arrangement is 
to permanently insert the thermo-electric couples at the various points 
of the furnace, as desired, and by small switches and the wires connecting 
the couples with the galvanometer, the temperatures of the furnace at. 
the different points may be quickly determined. In the same way, the 
temperatures of different furnaces may be readily ascertained. The 
galvanometer' should be located at a convenient point, away from the 
dust and fumes of the furnace room. The thermo-electric couples may be 
inserted into the furnace through the arch, but care must be taken not to 
project them down far enough to be injured by the rabbles, although it 
is desirable to get them as close to the ore as possilde. The thermo- 
couple, where it is intended to remain permanently in the furnace, should 
be protected by porcelain tubes. 

If a continuous record of the temperature at any one point is desired, 
it is best to use a recording pyrometer. This consists essentially of: 

1. A recorder, which is composed of a galvanometer and a clock 
arrangement, so that a pencil indicates the temperature and time on a 
moving chart. 

2. The thermo-electric couple, the fire end of which is inserted into 
the space, where the temperature is to be measured. 

3. Flexible wires connecting the recorder with the thermo-couple. 

With this apparatus, a continuous, automatic, and permanent record 

of temperature and time may be made, which will give an accurate idea 
of the firing of the roasterman during the entire shift. A comparison of 
charts, will quickly establish the best temperature at which it is desirable 
to roast any ore, and locate the responsibility of any defects in the ore due 
to the temperature in roasting. 
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Roasting furnace design as applied to roasting ores preparatory to 
treatment by the hydrometallurgical processes, is rapidly resolving 
itself down to the various types of mechanical reverberatories. Hand 
reverberatories are still in use in small reduction works, but even for 
small output they are rapidly being displaced by the more efficient me- 
chanical roasters. Labor, in hand roasting, has been the most impor- 
tant factor in the cost of operation, especially in mining districts, where 
labor is from $2.50 to $4.00 a day. Besides, the cpiality of labor is an 
exceedingly variable factor, and as the quality of a roast depends much 
on the efficiency, conscientiousness, and skill of the workmen, it is a 
disturbing element in any metallurgical plant where hand roasting 
is used. 

The tendency, therefore, has been to eliminate the labor item, and the 
personal factor, by the substitution of mechanical for hand furnaces. A 
mechanical furnace, once set in motion xinder the (;onditious which by 
experiment have been found to give the best results, will always give 
practically the same results if the same conditions are maintained, and 
it is possible to keep the conditions practically constant. The personal 
factor of the workmen, in metdianical furnacics, is largtdy though not 
entirely eliminated. Maintaining proper conditions in a roasting furnace 
requires skill, but as the extremely hard labor of hand ral)bling the ore is 
eliminated in mechanical furnaces, there is not the same temptation to 
slight the work. 

The output per shift is very much larger in a mechanical than in a 
hand f urnace, so that it makes it possible to pay the men better and get a 
superior quality of labor. In mechanical furnaces, the princi|)al factor 
under the control of the roasterman, is tlio temperature of the furnace, 
and even this may bo made largely automatic by the judicious use of 
pyrometers. The principal function of the roasterman, in large mechan- 
ical roasters, is that of an overseer, and to regulate the tomperaturcs as 
indicated by the pyrometers. 

Wonderful strides have been made in roasting and in mechanical 
roasting furnaces in recent years. Roasting can no longer bo considered 
either difficult or expensive if fuel is available at a reasonable price. 
Roasting costs of ten or twenty years ago, in hand furnaces, or even in 
mechanical furnaces, are now obsolete, and the future will see still further 
reductions. 
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The mechanical difhculties of roasting furnaces, prevailing some 
years ago, which are peculiar to mechanism working under high tem- 
peratures and in the presence of dust, have been practically overcome 
in all of the successful mechanical furnaces now in use. It is not unusual 
for a large 100-ton mechanical roaster to run from three to six months 
without a single shut-down except, perhaps, the stopping of the mechan- 
ism for some minutes to change the rabbles; but this does not interfere 
with the daily output of roasted ore. It is not unusual for a furnace to 
run from six months to a year without cooling for repairs. 

Roasting, in mechanical furnaces, is better and cheaper than in any 
type of hand furnace, whether the amount roasted is from 5 to 10 tons 
a day, or from 100 to 200 tons, for a single furnace. The capacity of 
200 tons has not yet been realized, nevertheless, there are no mechanical 
or chemical difficulties to its realization. Roasting furnaces of that 
capacity, in largo works and on low grade sulphur ores, will soon be an 
established fact, and will considerabl}'' reduce present costs of roasting. 
It is not now unusual, on Cripple Creek ores containing from 1 to 3 per 
cent, sulphur, to roast 125 tons a day in furnaces designed to roast, nor- 
mally, 100 tons. Since it usually takes one man on a shift to attend to a 
mechanical roaster, whether the capacity is 25, 50, or 100 tons a day, the 
saving in the largcrunits is manifest, as well as the saving in fuel and other 
items. If the furnaces are fired wdth oil, or with well designed centralized 
gas producer plant, one man on a shift can attend to several furnaces, 
irrespective of their size, with an extra man occasionally to assist in 
attending the producers and changing the rabbles. 

In small installations, the first cost of a mechanical furnace, over a 
long revc^rberatory, is not usually a serious item. The difference need not 
cx(;eed $3000 to $3500 and the cost of roasting can usually be reduced 
from 50 to 75 per cent. A good mechanical furnace to roast, say, 10 
tons of pyritic concentrates a day, or 25 to 30 tons of low sulphur silicious 
ore, can be erected for al)out $6000. It will take three of the ordinary 
long hand reverberatories to do the same work. Three such furnaces 
would (iost mor(i than the mcjchanical furnace, and would require one man 
on a shift for eacdi furnaca^, making nine men in all; whereas the mechan- 
ical furnace would require only one man on a shift, or three men in all. 
As the amount of ore roasted per day becomes larger, the difference in 
cost of roasting, between the mechanical and hand furnaces, becomes 
more pronounced. 

The variety of roasting furnaces, evolved and suggested, have been 
numerous. The practice has all been toward greater simplicity. Of 
the hand reverberatories, the multiple hearth, for roasting ore for sub- 
sequent treatment by chemical processes, has become obsolete. The 
"'Long Reverberatory,^' the “Fortschauflungsofen" of the Germans, 
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has supplanted all other types of hand furnaces, and proved itself the 
survival of the fittest. 

The furnaces to consider most seriously in the treatment of c(jp])er, 
gold, and silver ores by the solvent processes, are: 

Hand reverberatories, 

Mech anic al reverberatories, 

Revolving cylindrical furnaces, 

MufSe furnaces. 

All of these types are in actual and successful nsc- Shaft furnaces, 
like those of the Stetefeldt type, have long since bocomci obsolete. There 
are none now in operation, and it is quostional)lc3 wlietlun* a roasting 
furnace, based on that principle, can ever be devisc^d which will suc.c(‘ss- 
fully compete with the various types of mechani(‘.{il rcv(‘rl)(n*atori(‘s. The 
chemical conditions of roasting in a shaft furnace are all that could b(^ 
desired, but the physical and mechanical difficulties arc well-Tiigh 
insurmountable. 

Hand Reverberatories . — K luind reverljcn-atory jroasiing furnae(‘, 
fired with solid fuel, consists essentially of a luuirlh, a lir(‘--l)ox,, a lu’idge 
separating the hearth from the fire-l)ox, a revtuheratory arch ovtu- the 
hearth and which rcvcrbcrat(\s the lunit and fhuno toward luairth, a 
flue, and means, such as exhauster or chimiu^y, of acupiiring a draft 
through the furnace. If gas or oil ai‘e us(h 1 as fu(‘I, the fin^-box and 
bridge may be dispensed with, and the gas or oil inj(‘(it( 3 d through the 
side walls or through the arch. 

A hand reverberatory is one in which the ore is stirnMl and advancuMl 
by hand labor; in a mechanical rcverlxiratory tlui ore is stirnul atul 
advanced by mechanical means. 

The hand reverberatories may bo sulxlividcKl into two giuuu’al chiHsc^H, 
based essentially on the method of operation, 'riu^sc are: 

1. The short reverberatory, in which tlu^. ore irt all cliarged, roasi.cal, 
and withdrawn, in successive complete operatiouH. 

2. The long reverberatory, in which the ore ib charged at one (uid, 
and then advanced by stages, while at each stage another charge is intro- 
duced and one withdrawn. Several charges are, therefore, in the furnace 
at the same time and each going through its cycle of treatment, inde- 
pendent of the others. 

Short Reverberatory.^ — This type of reverberatory is used only in 
works where small quantities of ore are treated- These furnacxis, while 
cheap to construct, are expensive to operate. They labor under the 
disadvantage that the conditions of the furnace itself change as the ore 
progresses in the roasting operation; while in the long reverberatory the 
conditions of the furnace remain practically the same all the time, but as 
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the ore progresses in the roasting it is advanced against the purer air and 
more highly oxidizing atmosphere. 

Figs. 1 and 2 show section and plan respectively of a short reverbera- 
tory, which is the usual form and construction for furnaces of that size. 
It has a hearth area of approximately 120 sq. ft., and is capable of roast- 
ing a ton of ore at a charge. The number of charges that can be roasted 
in 24 hours depends upon the ore; if the ore is silicious and low in sulphur, 
three charges a day can be roasted; if the ore consists of pyritic concen- 
trates, from one to two charges a day is about all that could be put 
through. If the hearth is made longer than 12 ft., it is better to throw 
the arch longitudinally over the hearth, instead of transversely, as shown. 

In Figs. 1 and 2, A represents the hearth, B the reverberatory arch, 
C the fire-box, D the bridge wall, E the flue holes leading from the rever- 
beratory chamber to a small flue chamber before entering the stack, 



Fig. 1. — Short hand reverberatory. Longitudinal section. 


F the charging hole through the arch from the top of the furnace, and 
H a hole through the hearth for discharging the roasted ore through a 
spout on to the cooling floor, or into a car or wheel-barrow, to be taken 
to the cooling floor. The flues, E, are arranged so that the flame from 
the fire can be equally distributed over the entire body of ore on the 
hearth. The holes, K, in the outer wall, easily admit of the regulation of 
the flue holes by means of bricks placed in the flues. The stack, also, 
should be provided with a suitable damper. 

It is not necessary to build the entire interior of the furnace of fire 
brick. The fire-box, bridge, and arch immediately over them must be 
built of fire brick; the rest may be built of any good common red brick, 
preferably a pressed brick of the cheaper quality. Common pressed 
brick for the hearth is very desirable; it is hard enough to withstand the 
wear, and smooth and even enough to make the rabbling easier than it 
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would be otherwise. The licartli brick should be s(T on edge, 4 in. thick, 
and laid without mortal*. Tlie joints may afterward lx? filled in wif h 
fine sand or tailings. 

On account of the bridge being exposed to injury ])y tlui high tenijxn-a- 
ture on one side, and by rabbling on the otlier, it is d(‘sii*aJ)le that tiui to]) 
course should be made of fire clay tile, say, 12 in. ])y 24 in. by 2 in. tliick. 
The grates are 12 to IG in. below the top of the bridge, and the top of tlu^ 
bridge is 8 to 10 in. above the hearth. Through the middle of the ar(4i 
is an opening of cast iron, F, with a well-fitted cast-iron ciovcu*, throng] i 
which the ore is charged into the finnace. Tlie walls of the furnace 
should be reasonably thick, in order to retain the heat as much as possible, 



and to prevent the furnacc-room from gef.t.ing un(’,omforial)ly hot. Thc^ 
arch should be at least 8 in. thick, with brick set on edge. Another 4-in. 
arch may be placed on top of this, if desinal. Mosi, of the lu\‘it radi- 
ated from a furnace passes through tluj anih, so Unit <a)st of ih<^ extra 
thickness of arch is money w<ill invcst<Hl. hor the ar(‘,h, firc^ (day sfiould 1 m‘ 
used for the joints, and the joints arc Ixist made by dii)ping i,h(‘. 1)ricdv 
into the thin clay bcjfore setting tlunn in })lace. If a 4-in. arcJi is phuaal 
over the 8-in. arch, it may be made of l)rick or bric-kbats, laid in mortar. 
The rabble doors are usually about 8 in. higli and 14 to IG iiu wichu In 
front of the door is an iron bar laid across it from projecdJons on lln^ 
casting, to facilitate the rabbling. The furmwa) is bound togevther l)y 
1-in. rods, attached either to cast iron, or railroad iron buck staves. 

Long Reverberatory. — The typical hand roasting furnace is tlui long 
reverberatory, of which Figs. 3, 4, 5, 6, and 7 show a typical example. 
It is the tVDe of hand reverbemtnrv 




Fig, 4. — Long hand reverberatory. Plan, 
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essentially the same as those used in smelting works. The length of the 
furnace is largely governed by the character of the ore to be roasted. If 
the ore is highly silicious, and contains only a small amount of sulphur, 
there is no advantage in having the length more than 40 to 50 ft. If the 
ore is highly pyritic, or consists of ordinary sulphide concentrates, a 
length of 60 to 75 ft. will be found the most satisfactory. With furnaces 
longer than 60 to 75 ft., it will be found difficult to ignite the ore at the 
rear, and unless it is ignited, except for drying and heating, there is no 
advantage in having the furnace much longer than the zone of ignition. 
This zone, under any conditions, is consideral)ly shorter in furnaces 
roasting for the chemical processes than for smelting, because the initial 
heat at the fire-box, and hearth adjoining, must always be kept below 
the sintering point of the ore, whereas if the ore is roasted for smelting. 



the sintering is of no particular couvsequence. It will usually be found 
advisable, therefore, if increased capacity is desircMl, to build two furnactes, 
rather than to attempt to get it by incrciasing the huigtli of the hearth, 
or perhaps by the addition of a second fire-box, toward the rear. 

The practical width of the furnace is controllcHi l)y the convenience of 
working from both sides. From 14 to 16 ft. has been found by experi- 
ence to give the best general results. When the width exceeds 16 ft., or a 
reach of rabbling of about 8 ft., the labor of stirring the ore and advancing 
it becomes tiresome for the workmen, and hence the quality of the roast 
is likely to be defective. 

The hearth is sometimes made continuous, in one plane, and some- 
times with slight breaks of several inches, corresponding in length of 
hearth to the amount of ore charged into the furnace at one time. The 
object of the stepped hearth is to enable the roastermen to clearly dis- 
tinguish the different charges, and keep them separate as they progress 
through the furnace. As one charge is sufficiently roasted and withdrawn, 
the next charge is moved forward to the position occupied by the previous 
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one, and a new charge introduced in the section at the flue end. It is 
very desirable that mixing of the different charges should not occur. If 
mixing occurs to any considerable extent, the insufficiently roasted ore 
will contaminate that which is well roasted and serious difficulty in the 
chemical treatment will be the result. If the hearth is not stepped, the 
roastermen work to imaginary lines in the furnace to keep the charges 
separate. Sometimes, in order to enable the workmen to more easily 
advance the ore, the hearth is built with a gentle slope from rear to 
front. The hearth should be built 4 in. thick with brick laid on edge 
and without mortar. The ordinary quality of pressed brick make an 
excellent hearth, and these are satisfactory for the arch also. 




The height of the arch above the hearth is dependent largely upon 
the nature of the ore to be roasted. As a matter of fuel economy, the 
lower the arch, the more flame and fuel gases will come directly in con- 
tact with the ore, but the limit in this direction is governed by the condi- 
tions of the furnace atmosphere. When roasting highly silicious ores, 
the furnace gases will be highly oxidizing under almost any conditions, 
and the height of the arch above the hearth, in such a case, is therefore 
limited by other considerations, such as convenience in rabbling. If, 
however, the ore is high in sulphur, as in roasting pyritic concentrates, 
the fumes of sulphur dioxide from the ore and carbon dioxide from the 
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fuel, would tend to make the furnace atmosphere reducing, instead of 
highly oxidizing, and the object of roasting would be largely defeated. 
With such ores, the reverberatory arch should be high so as to permit of 
large volumes of air passing over the ore in order to keep the atmosphere 
within the furnace as highly oxidizing as possible. From 20 to 36 in. 
will usually be found to be within the practical limits of the height of the 
crown of the arch above the hearth. The rise of the arch should not be 
less than 3/4 to 1 in. for every horizontal foot of width. That is to say, 
the least rise that an arch 16 ft. wide, should have to be safe, is from 12 
to 16 in. Theoretically, a flat arch is the best, but there are practical 
difficulties in constructing and maintaining a fiat arch under the strenuous 
conditions to which it would be subjected in furnace work. So far as the 
roasting is concerned, the best results are obtained by having the arch as 
nearly flat as possible, and the limit in this direction is governed by con- 
structional difficulties. As to the best practical rise for the reverberatory 
arch, much will depend on the quality of the brick; but the rule given 
above will be found best under average conditions and conform with the 
best practice for all types of reverberatories for roasting ores. 

The method of constructing the arch is largely a matter of choice. 
The brick should be set on edge, the 8-in. way. The arch may be built 
of independent successive rings, as shown in Fig. 8, or be bonded so as to 
make a continuous whole, as shown in Fig. 9. The method of independ- 
ent rings has much to commend it. With this construction, every brick 




Figs. 8 and 9.— -Reverberatory arch construction. 

is under full compression, whereas in the bonded arch, if the brick or 
joints are not of equal size, it is not possible to have them all under the 
same compression, so that there is danger of the thinner ones dropping 
out. 

The reverberatory arch is usually built of ordinary straight brick, 
with the difference in the thickness of the joint between the intrados and 
extrados made up with clay. It is better, however, to build the arch of 
straight brick and occasionally insert a row of wedge brick. In this way 
the joints can all be kept of even thickness and the arch will have greater 
stability. It will not be necessary to carry the fire brick in the arch 
more than 10 or 20 ft. beyond the fire-box, in the roasting chamber. 
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The remainder of the arch, as also the side walls, may be built of common 
brick. 

The side and end walls should not be less than 16 in. thick, or two 
courses of brick laid the 8-in. way. A little extra cost in thick walls and 
reverberatory arch, will be more than compensated for in the saving of 
fuel and comfort to the workmen. 

The foundations are best and cheapest made of concrete. By putting 
up the necessary side boards, and leveling the top edges, the foundation 
can be quickly and cheaply laid in the best possible condition for the 
superstructure. The concrete may be brought up to within a foot of the 
hearth level, and this also will be found cheaper than brickwork and be 
just as good. Brickwork, in mining districts, and especially in isolated 
camps, is expensive, since all the material has to be hauled on the ground, 
and brick-layers command high wages. With concrete, only the cement, 
which is a small proportion of the whole, has to be supplied from without, 
since rock and sand are usually available and common labor all that is 
required. 

The lower tie-rods should not be built in solid, but ducts should be 
provided so that they can be removed or inserted at will, should the rods 
at any time become disabled. Worn out iron piping, or common earthen- 
ware pipes, are the best for this purpose, although ducts made of brick 
will answer about as well. 

The space between the walls, below the hearth, may be filled with rock 
and earth or loam. It should be well tamped, so that there will be no 
danger of the hearth settling when the furnace is in operation. 

The rabble door frames should be set flush with the hearth and also 
with the exterior walls. The buckstaves will then lap the joint between 
the exterior brickwork and the iron castings, and catch the face of the 
channel which takes the thrust of the arch. The rabble door castings 
are in this way securely fastened without bolts. Instead of the channel 
as shown in the drawings, cast iron beams in the form of T^s may be used 
to support the arch, and which alternate with the rabble door castings. 
The buckstaves may be made of old railroad rails, I-beams, cast T-irons 
or two small channels secured together, back to back, with a separator to 
permit the tie-rods to go between them. It is well to have the tie-rods 
abundantly heavy to take the enormous horizontal thrust of the arch. 
For the ordinary span of from 12 to 16 ft., 1 1 /4-in. rods have been found 
satisfactory. For the longitudinal rods 3 /4-in. diameter will be large 
enough. 

The number of working doors should be sufficiently numerous to 
permit of easy rabbling. A distance of about 6 ft., from center to center, 
is satisfactory. When the doors are too far apart, rabbling of the ore in 
the intermediate spaces becomes difiicult, and may be neglected. Figs. 
6 and 7 show the details of the working doors and the method of setting 
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them. The details may vary somewhat according to the material most 
convenient, and upon local conditions. Each door casting has attached 
to it lugs which receive an iron bar about an inch square upon which the 
rabble may slide while the ore is being rabbled. These bars are remov- 
able, and sometimes it is more convenient to work without them. The 
door castings have flanges on the sides so that they can be secured in 
place by the biickstaves. Each door casting weighs about 150 lb. 

When odd shaped bricks are used, it will be found cheaper and 
better to have them especially made for the purpose if they cannot 
be obtained in standard shapes- The cutting, and consequent breaking, 
of a large number of brick will be more expensive than the extra cost of 
special forms, and the work will not be as good. Usually the manufac- 
turers of fire brick have special shapes enough to fill any want. 

All brickwork about a furnace should be “shoved” and well grouted, 
especially that part of the work which forms the skewback of the rever- 
beratory arch. The spandrels of the arch may be filled in with brickbats 
and mortar. The filling in of the spandrels will make the arch stronger 
and also enable the furnace to better retain the heat. 

After the furnace is finished, the buckstaves and tie-rods should be 
put in i)lace. The rods should be made reasonably tight, so that they 
will vibrate when struck. It is best to take up any looseness in the arch 
before its weight is taken off the centers. The centers may then be re- 
moved, eitJier Ixvfore firing, or they may be burned out afterward, which- 
ever is the most convenient and economical. The furnace should be 
allowed to stand as long as possible before firing. When the fire is 
started the furnace should be heated quite gradually for at least 24 hours, 
after which there will be no harm in bringing it up to heat. It should be 
fired long enough to get the hearth quite hot before charging the ore, 
since a cold hearth greatly retards the roasting. 

The furnace should be provided with several rabbles, 4 in. by 8 in., 
and 12 to 14 ft. long, and several paddles 8 in. by 12 in., 14 ft. long. The 
handles are best made of strong wrought iron pipe to which the rabble 
and paddle l)hules are fastened, by welding. 

The stack of the furnace maybe built of brick, iron, or re-enforced con- 
crete. For single furnaces an iron stack will usually be found the most 
economical. The stack for a furnace as shown in Figs. 3, 4, and 5, should 
be about 30 in. in diameter and from 60 to 75 ft. high. The stack, or 
the flue leading to the stack, should be provided with a damper. The 
position of the stack in reference to the furnace, is largely a matter of 
convenience and local conditions. If the works have several furnaces, 
they may all connect with a common stack. If there is only one furnace, 
and no dust chamber is desired, the arrangement of the stack as shown 
in Figs. 3 and 4 will be as satisfactory as any. Provision should be made 
for a car track to bring the ore to the hopper over the rear of the furnace. 
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Hand reverberatories should not make more than 3/4 to 11/2 per 
cent. dust. Whether this dust is worth recovering by building a large 
dust chamber will depend largely on the value of the ore. Small dust 
chambers are not very effective. It will ordinarily be found that the 
recovery of the dust is a matter worth careful consideration. 

The cost of building a long reverberatory, as described and shown, 
will be between $3000 and $4000. It will take about 50,000 common 
brick, 8000 fire brick, and 20,000 lb. of iron. If concrete is largely used, 
a great saving may be effected in the number of brick, and a saving also 
in the cost of the furnace. 

Method of Operating a Long Hand Reverberatory. — When the furnace 
is hot, the ore, which may be assumed to be pyritic concentrates, is 
charged from a car into the hopper, and into the furnace, in the section 
nearest the flue, or at the rear. It is then spread out evenly over this 
section of the hearth. The weight of the charge, for the best work, should 
not exceed 10 to 15 lb. per square foot of hearth area; 10 lb. is better than 
15 lb. if the ore contains very much sulphur. In any event, there is no 
advantage in using a deep bed of ore, for what is gained in the amount of 
ore charged, is lost by a correspondingly increased time of roasting. The 
depth of the charge will usually be from 2 to 3 in. 

The working doors are all closed until the sulphur is well ignited. The 
moisture is first driven off, after which the ore will soon become slightly 
incandescent and the sulphur begin to burn with a blue flame. This is 
one of the most delicate stages of the roasting, and should be done at the 
lowest permissible temperature and in the presence of a maximum 
amount of air. The charge should be rabbled energetically, and with the 
intervals between the rabbling as short as possible. At this stage the ore 
will be very unstable and is likely to run somewhat like a liquid. If the 
rabbling is neglected, or if the temperature of the furnace is too high, 
partial fusing or matting is likely to occur, which forms lumps that are 
difficult to eliminate; and if not eliminated, will result in improperly and 
insufficiently roasted ore. Such ore will be highly detrimental in the 
subsequent chemical treatment. The excess of air required during this 
stage of the roasting may be obtained by keeping the working doors open, 
and by free admission of air through the bridge wall. The air should be 
introduced as much as possible through the bridge, since this will tend to 
keep the charge nearest the fire from becoming too hot, by interposing a 
layer of cooler air between the ore and the flame, and give a highly oxidiz- 
ing atmosphere at the surface of the ore where it is most desired. 

When the sulphur flame has abated, which will be in about 8 hours 
after charging, the ore is moved forward into section No. 2, and a new 
charge introduced into section No. 1. The ore on section No. 2 is spread 
out over a large area to give it as much surface as possible. There is 
still much sulphur in the ore, and most of the oxidation takes place in the 
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middle section. The ore being brought closer to the fire, is brought to a 
dull red heat. During this stage the ore swells somewhat, and becomes 
more or less inert. As the sulphur is eliminated, the ore has no power of 
generating heat within itself and hence the fire is urged, to keep the ore 
at the desired temperature. The rabbling in this section need not be as 
frequent as in section No. 1; a thorough stirring every 15 or 20 minutes 
will suffice. The ore should be uniform throughout, and as it is turned 
over, the newly exposed incandescent surface should quickly turn dark 
and not show any live sparks of burning sulphur. 

The charge, after reaching this stage, which will usually be about 16 
hours after it has been put into the furnace, is transferred to section No. 3; 
the ore in No. 1 is advanced to section No. 2, and a new charge introduced 
into section No. 1. There is now no danger of lumps forming in section 
No. 3, and the temperature may be raised somewhat, but must never 
approach the sintering point. The temperature permissible in this 
section is the controlling factor in firing the furnace. The firing should 
always be done with a view of throwing as much heat and flame as possible 
to the rear of the furnace without danger of sintering the ore on the 
finishing section. In this section, the roasting will largely consist of 
decomposing the soluble sulphates, and while this is going on the odor of 
sulphur dioxide can be detected when a sample of the incandescent ore 
is removed for inspection. As the ore becomes more nearly completely 
roasted, it becomes more coherent, and remains as placed by the rabble. 

Sweet or “Dead^^ roasting are more or less indefinite terms, used 
to denote the condition of the ore when all the sulphur has been elimi- 
nated. But as the elimination of all the sulphur is practically impossible, 
and as the approximation thereto is a very indefinite matter varying with 
the different ores, it may be taken to mean ore sufficiently roasted to give 
the best results in the subsequent chemical treatment. 

After the ore has remained on the finishing section for about 7 hours, 
the roasting is completed. It is then withdrawn through the holes in the 
hearth, near the last door, into a pit, or into a car and taken to the cooling 
floor. The charge in section No. 2 is then moved forward to No. 3, and 
the charge in section No. 1 moved forward to No. 2, while a new charge is 
introduced into section No. 1. In this way a charge is withdrawn and a 
new one added every day, so that there are always three separate 
charges in the furnace, and each charge remains in the furnace almost 
24 hours. 

The fuel used in roasting should be either wood or long flame coal. 
Oil gives better results than either wood or coal, but is not usually avail- 
able. It is best, in order to get a long flame, with almost any coal, to 
fire the furnace fire-box more or less as a gas producer. This is easily 
arranged by keeping a deep bed of ash and fuel on the grates, and intro- 
ducing steam and air through the closed ash pit. Much of the air needed 
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to completely consume the fuel gases may be introduced through the 
bridge and some through the working doors. The draft is regulated by 
the damper in the flue or stack, and by opening and closing the working 
doors. The time of roasting depends largely on the ore, but somewhat 
also on the amount of rabbling. Roasting, as already stated, is essen- 
tially an oxidizing process, so that any operation, such as continuous and 
energetic rabbling, which will expose the greatest amount of ore to the 
highly oxidizing furnace atmosphere, will materially reduce the time of 
operation. 

It is customary when roasting pyritic gold concentrates, or ore con- 
taining lime, or silver and copper in appreciable quantities, to add a small 
amount of salt, usually just before drawing the charge. The amount of 
salt may vary from 0.5 to 5 per cent. If the ore is not sensitive to vola- 
tilization, the salt may be added to the ore as it is advanced from the 
middle to the finishing section and thus become thoroughly incorporated 
with it. Usually, however, the salt is added about 30 minute's l)efore the 
charge is withdrawn, and thoroughly mixed with the ore. Chloridization, 
under proper conditions, takes place rather quickly, and as ex|>lained 
under ^'Chloridizing Roasting” air is not essential to the cliloridization. 
The salt may therefore be added a short time before dis(duirging th('. ore, 
and by permitting the ore to cool slowly after it is dis(*harg(‘d, the lu'c'cs- 
sary degree of chloridization can well be I'calized without any apprecdablc 
loss by volatilization. This gives the ore a tliorough oxidizing roast 
before chloridization, and the sulphur is never so thoroughly eliminated 
blit that there are always enough sulphates left to suflicicmtly chloridize 
the silver and smMl amounts of copper. 

After the salt is added, the ore begins to fume, increase*: in bulk, and 
has a ^'woolly” appearance. After the salt is addcnl the: t(‘m])t'raturo 
should be kept low — not over a dull red heat. Miudi of the gold is 
chloridized as well as the silver; careful tests have shown it to be from 10 
to 20 per cent, of the gold contained in the ore. 

If the ore contains galena, great care must be exc'rcdscHl in the first 
stages of the roasting to keep the charge at the lowest priudicable tc'in- 
perature, as the lead sulphide fuses at a very low Inuit, and agglomeration 
in the early stages of the roasting will make the subse(|uent work more 
difficult. 

Furnaces having considerable of a drop between the different sections 
of the hearth have been recomended and built, but hav(i not come into 
general use. The cause of this is evident. While theoretically the 
showering of ore through this drop, as in a shaft furnace, apj)ear8 good, it 
is evident that the draft in the furnace will whip the dust along with it 
and cause excessive loss in that way. The great dust loss is not com- 
pensated for by the small gain in the time of roasting. 

Most furnaces, like the one illustrated in Figs. 3, 4, and 5, are de- 
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signed to take a charge of from 3 to 3 1/2 tons on a section. It is usual, 
however, instead of charging and withdrawing this amount of ore all at 
once, to still furthur subdivide it so that each shift of eight hours will 
charge and withdraw one third of this amount or from 2000 to 2400 lb. 
The advantage of this is that the quality and quantity of the roasted 
material can be checked up for the different shifts, and the furnace can 
be worked with greater regularity, than when so much ore is charged and 
withdrawn at the same time. 

One man on a shift, working three shifts, will roast from 3 to 3 1/2 
tons of pyritic concentrates a day. Each shift will draw a charge of 
from 2000 to 2400 lb. and introduce one. The amount of fuel used is 1/2 
cord of wood per ton of concentrates. 

The following tabulated statement gives the essential facts of roast- 
ing pyritic concentrates in California:^ 

ANALYSES OF CONCENTRATES 



Eureka and Idaho 

Washington mine, 

Black Bear mine, 


mines, Grass Valley 

Mariposa County 

Klamath County 


0.S5 

0.00 

0.00 


0.78 

1.50 

0.00 


0.02743 

0.00914 

0.0137 


0.0068 

0.0035 

0.003 

Jiiric 

0.00 

1.34 

0.00 

Iron 

40.65 

30.85 

42.05 

Arsenic 

trace 

0.00 

31.25 

Sulphur 

32.80 

31.33 

25.10 

Silica 

! 12.64 

33.30 

10.35 

Aluniinu 

i 0.10 

0.00 

0.85 

Magnesia 

1 3.50 

0.00 

0.85 

Oxygen and loss l)y difference . . 

1 8.65 

1 

1.67 

0.38 


These analyses give a very good idea of the composition of California 
pyritic concentrates, which have been treated for many years by roasting 
and chlorination. The size of some of the furnaces, the time of working 
on a shift, and the quantity of ore treated, is given in the following table: 


Name of works 

Size of furnace 

Time of working (shift) 

Quantity of ore in 24 hours 


60X12 

8 hours 

3 tons 

2 oil© 

75X12 

8 hours 

3 tons 

Amador 

80X12 

8 hours 

4 1/2 tons 

Plymoth 

50X12 

8 hours 

3 tons 

Maltman’s 

60X12 

8 hours 

2 1/2 tons 

Mp'rrifield’s 

70X10 

12 hours 

3 tons 





^Eggleston, ''Met. Silver, Gold, Mer.^' 
7 
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The hearth of these furnaces lasted from four to six years. 

Cost of Roasting in Long Reverberatories. — The cost of roasting in 
long reverberatories is quite large. For pyritic concentrates, which is 
about the only material roasted in these furnaces, it is about $4.25 per 
ton, distributed as follows : 


Roasterman, 1 shift, roasting one ton. 

$2.50 

Fuel, 1/2 cord of wood, for one shift, 

1.50 

Other expenses, 

0.25 


$4.25 


The cost of roasting silicious ore, low in sulphur, is very much less. 
Such ore can be roasted about as rapidly as it can be worked through the 
furnace. 

In California^ at one of the mills where oil was substituted for wood, 
it was found that the capacity of the furnace was increased from 4 tons 
to 6 tons per day. The furnace was 14 ft. wide and 75 ft. long. Bakers- 
field crude oil, of 14 to 16° gravity, was used. In roasting 2()47 1/4 tons 
of pyritic concentrates, 1290 barrels of Bakersfi(‘ld crude oil was used 
which cost, delivered, $1917.63 or 48/100 barrel per ton of ore, cost- 
ing 72 cents. There was also used 66.76 tons of c,(>al to gcnicrate steam 
for pumping, heating, and atomizing the oil, which cost delivered, 
$867.84, or 35 cents per ton of ore treated; making a total cost of fuel for 
roasting, of $2785.47 or $1.05 per ton. 



Fig. 12. — Modified long hand revorbomtory. Transverse section. 


Modified Long Reverberatories. — An important modification of the 
long reverberatory, especially for copper roasting, is shown in Figs. 10, 11, 
and 12. Fig. 10 shows a longitudinal section; Fig. 11 the plan, and 
Fig. 12 a transverse section through the front of the furnace at the pro- 
tecting arch and discharge openings in the hearth. 

One of the difiSculties in hand reverberatories in roasting ore for the 
hydrometallurgical processes is the liability to fuse the ore near the fire 
^E, C. VorJu^s, Scientific and Mining Press, March 26, 1904. 
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end, when the fire is urged sufiiciently to ignite the charge at the rear. 
In chloridizing roasting a similar difiiculty presents itself. In order to 
eliminate the sulphur sufficiently in hearth section No. 2, by oxidizing 
roasting, a temperature nearly as high as the ore will stand without fusing 
is desirable to expedite the process as much as possible. To accomplish 
this the ore in section No. 3 may become unduly heated, even if it does 



Fig. 13. — Modified hand reverberatory. Longitudinal section. 


not approach the sintering point. The temperature for chloridizing 
roasting should be the lowest at which the reactions take place, and this 
condition conflicts with that required for efficient roasting in the middle 
and rear end of the furnace. 

To overcome these difficulties, a protecting arch is thrown over 
section No. 3, as shown in Figs. 10 and 12, which shields the ore from the 
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Fig. 14. — Modified hand reverberatory. Plan. 


direct action of the heat and flame. In this way the ore in the middle 
section may be kept the hottest, and that in the rear section may readily 
be ignited. The flame and heat from the fire-box pass through the 
space between the protecting arch and the reverberatory arch, so that 
the ore in the finishing section is heated only indirectly, as in a muffle. 
The protecting arch should be as thin as possible, consistent with good 
construction. 
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In the chloridizing roasting of copper ores, this modified furnace has 
been used in preference to the ordinary long reverberatory. It can 
readily be seen, that for chloridizing work especially, this modification of 
the long reverberatory offers many advantages. The furnace may be 
still further modified by returning the flues under the hearth, and tluis 
heat the ore from below. In a long furnace this is a doubtful utility. 
Much will depend on the temperature of the furnace gases. 

Figs. 13, 14, 15, and 16 show a modification of the hand reverber- 
atory, at one time used in Europe for roasting copper ores. 




Figs. 15 and 1C. — Modified liand reverberatory. TraiLs verse sections througli A“ B 

and 0-D (Fig. 13). 

Mechanical Reverberatories. — Practically all iho roasting at the 
present time, in preparing ores for treatment l)y wet metliods, is done in 
mechanically operated reverberatories. With tlu) excjcption of the 
rabbling mechanism, these furnaces are not essentially different from the 
hand reverberatories. 

The mechanical reverberatories differ mostly from each other in the 
rabbling mechanism. They may have one long roasting hearth, or 
several hearths superimposed above one another. 

The single hearth furnaces have the advantage of making less dust 
than the multiple hearth roasters; while, on the oidier hand, tlie multiiilo 
hearth furnaces are more compact and better conserve the lieat. 

In roasting ores for chemical treatment, where a more) or less com- 
plete roast is necessary, single hearth furnaces have usually been pre- 
ferred, largely on account of the low dust loss. Multiple hearth furnaces 
have also been largely used, and their use is becoming more general. 

In roasting pyritic concentrates or heavy sulphide ore down to 6 or 
8 per cent, sulphur, which may be done without fuel, the multiple hearth 
roasters have found more favor than the single hearth furnaces. 
Recently the multiple hearth furnaces have been modified by the 
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addition of fire-boxes for the different hearths, so that the sulphur can 
be eliminated quite as completely as in single hearth furnaces. 

The advantages of the multiple hearth furnace is that the heat from, 
the ore and fire-boxes in the lower hearths, heats the bottom of the upper 
hearths, and this heat is very effectively applied. The disadvantage is 
that when ores are roasted with external fuel, the volume of air necessary 
for the combustion of both fuel and the sulphur in the ore is very large, 
and the ore dropping from one hearth to another against a strong current 
of ascending gases, makes considerable dust, much of which is lost 
unless efficient means is provided for its recovery. This difficulty may 
to some extent be obviated by providing separate flues for the ore and 
gases between the hearths, or by exhausting the gases from one or 
more of the intermediate hearths as well as from the upper hearth. 

In roasting heavy sulphide material down to 6 or 8 per cent, sulphur, 
fuel is not ordinarily necessary, hence the volume of air and gases going 
through the furnace is comparatively small and its rate of passage com- 
paratively slow, hence the dust loss in dropping the ore from one hearth 
to the next need not be serious or excessive. In roasting ores for treat- 
ment by wet methods, the furnace operates under much higher tem- 
peratures than in roasting for smelting, where the sulphur most difficult 
to eliminate, remains in the ore. Usually furnaces, for sweet roasting, 
work under a temperature of from 1200 to 1700° F. The ore itself may 
not be at these temperatures, but the reverberatory chamber in which 
the rabbling mechanism operates, is. The temperature of the rever- 
beratory chamber, at the fire-boxes may even exceed 1700° F. in regular 
roasting work, and for that reason, if anything goes wrong with the 
rabbling mechanism, it is necessary to at once cool the furnace or the 
top layer of ore would take the same temperature as the reverberatory 
gases, become sintered, and be unfit for extraction by hydrometallur- 
gical processes. 

The problem, therefore, in mechanically roasting ores, has been to 
provide a rabbling mechanism which will work in grit and dust and at a 
temperature varying from 1200 to 1700° F., without serious delays or 
excessive repairs. The different mechanical roasting furnaces are 
based fundamentally, on the method of overcoming these difficulties. 

O’Harra dragged the rabbles through a straight line reverberatory 
by means of a chain and track within the reverberatory chamber. Brown 
conceived the idea of placing a supplemental chamber on both sides of 
the reverberatory hearth, containing the tracks on which run the rabble 
trucks, shielded more or less from the direct heat and dust of the rever- 
beratory chamber. Holthoff-Wethey placed the trucks entirely outside 
of the furnace and devised a slot arrangement which opened and closed 
automatically as the rabble moved along. Pearce supported the rab- 
bling mechanism by a column in the central open space of two concen- 
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trie walls forming the reverberatory chamber, the inside wall of which 
is slotted and the reverberatory arch supported from above. Edwards 
and Merton have a longitudinal series of rabbles of a diameter correspond- 
ing to the width of the hearth, projecting through the reverberatory 
arch, and as the ore is advanced by one of these rabbles, it is delivered 
to the next, and so on until it issues from the furnace. The multiple 
hearth furnaces are mostly based on the support and protection of the 
central column carrying the rabbles for the different hearths and the 
arrangement for cooling and replacing either the rabble arms or the 
blades. 

Any single hearth reverberatory may be constructed with multiple 
hearths, but when so modified, it is questionable whether they are as 
efficient and present the same advantages as the regular circular multiple 
hearth furnace of the McDougall type. 

For furnaces where the rabbles are alternately within and without the 
roasting chamber, as in the OTiarra, Brown, and ITolthoff-Wethey, no 
special cooling provision is necessary, since the ral)bles never get danger- 
ously hot, and never, except in case of accident, do the rabbles have the 
same temperature as the reverberatory chamber. When the rabbling 
mechanism remains in the furnace indefinitely, as in the Pciarcc, Edwards, 
Merton, McDougall, Herreshoff, and Wedge, water cooling is necessary or 
desirable. Air cooling, for sweet roasting, has not given satisfactory 
results. 

There is no great difference in the cost of installation of the varioxis 
mechanical reverberatories, and on the same orc^, for a t-horough roast for 
wet processes, there is no great differonoc in the cost of operation. 

In roasting Cripple Creek ore, for example', there are three lOO-ton 
Pearce roasters in one reduction works; six lOO-ton lloltlioff-Wcthey at 
another, and eight 1 00-ton Edwards at still another, all in successful and 
satisfactory operation, roasting in all about 1500 tons of ore daily and 
having a precious metal content of a})proximat(dy $30,00(). 

Cost of Mechanical Reverberatories*-— Tlu^ av(n-a.g(i cost of a good 
mechanical reverberatory is al)Out $15 pen* scpian^ foot of Inuirth area for 
the smaller sizes, and about $12 per square foot of Inaxrth area for the 
larger sizes, installed, ready to operates, but not IiousckL 

Fuel Required in Roasting.— - The fuel consumption in wood or coal 
will usually be from 10 to 15 j)er cent, of the weight of the ore roastcnl, 
and will be more or less indepciuhmt of the original sulphur content. For 
ore low in sulphur, considerable fuel is required to bring it to the roasting 
temperature and to maintain it at that temperature. For ore high in sul- 
phur, the sulphur itself develops considerable lieat, so that extreme firing 
is not necessary except to remove the last few per cent, of sulphur. On 
sulphide concentrates or heavy sulphide ore, the sulphur content in the 
roasted material may be reduced to 6 or 8 per cent, without any fuel, and 
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to 4 and 6 per cent, with only one fire-box at the finishing end of the 
furnace. It is in the elimination of the last few per cent, of the sulphur 
that most of the fuel is consumed. But if the fuel consumption is more 
or less independent of the sulphur content of the ore, the capacity of the 
furnace is more or less proportion to the contained sulphur. 

Hearth Area Required in Roasting Various Ores. — The capacity of a 
roasting furnace is dependent on the amount of sulphur in the raw ore, 
and on the amount of sulphur to be eliminated. For roasting ores 
suitable for the hydrometallurgical processes, the hearth areas required 
are approximately as follows:. 

For silicious ore containing from 1.5 to 3.5 per cent, sulphur will 
require from 10 to 15 sq. ft. of hearth area per ton of ore roasted per 
day; ores containing from 10 to 15 per cent, will require a hearth area 
of from 25 to 30 sq. ft., and pyritic concentrates which carry from 35 to 
45 per cent, sulphur will require from 40 to 50 sq. ft. 

Pyritic concentrates and heavy sulphide ores, carrying 28 per cent, 
or more of sulphur are self roasting down to 6 or 8 per cent. After that 
fuel has to be used to complete the roast, to make the ore suitable for 
a solvent process. 

The Brown Furnace. — The latest and most approved type of Brown 
furnace is shown in Figs. 17 and 18, which is a straight line reverberatory, 
in which the ore is stirred and advanced by rabbles mounted on trucks 
attached to endless chains, one on each side of the furnace, moving in 
a supplemental chamber. Brown was the first to work out a successful 
method of protecting the rabbling mechanism in a straight line furnace 
from the heat and dust of the reverberatory chamber. 

The Brown furnace has had various modifications, but in its most ap- 
proved form it is a single hearth reverberatory, with supplemental chambers 
on each side of the roasting chamber, to protect the rabbling mechanism. 
The supplemental chambers are formed as shown in Fig. 18 by a tile 
projecting up from the hearth, above the level of the ore, and a corres- 
ponding tile, forming part of the reverberatory arch, projecting down 
from above. This construction forms a supplemental chamber and leaves 
a slot between the roasting and supplemental chambers just large enough 
for the rabble arm to pass through. The rabble arm, at the slot, is usu- 
ally made rather wide and about an inch thick so that the slot may be 
as narrow as possible. 

The rabbles, extending from one side of the furnace to the other, 
are mounted on trucks on each side, and these trucks run on tracks in 
the supplemental chambers. The trucks are attached to endless 
chains which move about sprocket wheels at each end of the furnace. 
One pair of these sprockets is driven by means of spurs and gears, which 
in turn are actuated by a counter shaft driven by belt and pulley. 

The rabbles in passing through the furnace stir and advance the 
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ore, and issue quite hot; then elevated by the sprocket wheels at the other 
end of the furnace to a track above, and returned to the feed end where 
they are again lowered by the driving sprockets and enter the reverbera- 
tory chamber to again complete the circuit. While returning, outside 
of the reverberatory chamber, the rabbles are cooled enough so that no 
special cooling device is necessary. As each rabble enters the furnace 
it takes with it from the feed bin the proportionate amount of ore 
required to make the daily output. This may be regulated by the feeding 
device or by the depth of raw ore in the path of the rabble as it enters 
the furnace. 

Counterweighted sheet iron doors at both ends of the furnace, 
hinged at the top, keep out the cold air; they remain closed except when 
lifted by the rabbles in passing in and out. When the doors are opened, 
even momentarily, a strong inward draft is likely to set in; to avoid this, 
two doors are sometimes inserted at each end a short distance apart so 
as to form a neutral air chamber;* one door being always closed while 
the other is opened by the moving rabble. 

• The skewbacks of the arch are steel channels supported by the 
buckstaves and short cast iron columns, the spaces between the columns 
being 3 ft. 6 in. long by 12 in. high. These openings extend the entire 
length of the hearth; they are closed by sheet-iron doors, lined with 
asbestos. This construction permits of ready access to the* hearth at any 
point for repairs and observation. 

From the ground to the hearth the furnace may conveniently be 
built of concrete or uncut stone and the remainder of the 'furnace con- 
structed of brick. The furnace is bound together by steel I-beams which 
also carry the tracks on the top of the furnace. 

The furnace is regularly made with a roasting hearth 10 ft. wide, and 
in lengths varying from 60 to 200 ft., or even longer. The roasted ore 
may be elevated to the top of the furnace to a sheet iron hearth supported 
by the steel I-beams, and there cooled and advanced by the returning 
rabbles, or the roasting hearth may be somewhat extended and used as 
a cooler, unless it is preferred to cool the ore independently of the furnace 
mechanism. 

The frequency of stirring the ore may be regulated both by the speed 
of travel and the number of rabbles on the moving chains. 

The size of the sprockets is governed by the vertical distance between 
the roasting and cooling hearths. In driving the chain mechanism both 
spockets at the drive end are made tight to the shaft, while at the other 
end one of the sprockets is tight to the shaft and the other loose, so that 
any uneven strain in the chain is self adjusting and prevents the chain 
from riding the sprockets and being thrown off. 

The material for a standard straight line Brown furnace 10 ft. wide 
by 140 ft. long, actually erected, was as follows: 
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Weight of ironwork, 63,000 lb. 

Weight of tiles, 35,000 lb. 

The Brick j etc., required for this furnace are as follows: 

For Hearth 

46,200 common red brick, 

420 partition tiles, 

14 cu. yd. of sand, 

16,800 lb. of ground fire clay, 

11 barrels of cement, 

126 cu. yd. of stone for concrete work. 

Mortar for Hearth; 5 cu. yd. of sand and 42 bu. of lime. 

For Arch 

1260 common red brick 
1344 skewback brick. 

For Five Fire-Boxes (one double and three single fire-boxes) 

15.000 common red brick, 

10.000 common fire brick, 

509 arch tiles 12 in. long, 

115^ arch tiles 6 in. long, 

10 fire-door tiles. 

For Mortar; 2 1/2 cu.yd. of sand and 25 bu. of lime. 

Power. — ^Thc Power required to drive the furnace iruichanism, etc. 
was supplied by a 9 in. by 12 in. slide valve engine, which is rated at 
about 25 h. p. but the engine was never taxed to its capacity at any time. 

Grate Area. — ^The total area of the grates in the five firc-boxcB is 
about 63 sq. ft. 

In supplying the above material 5 per, cent, extra was allowed for 
tile and skewback brick, and 10 per cent, on the remainder of the itenns. 

H. 0. Hofman^ gives the following data on roasting with Brownfurnaccs 
with a hearth 8 ft. wide and 135 ft. long: 

Silicious ore with pyrite, crushed to 30 mesh and containing 2.5 per 
cent, sulphur was roasted at the rate of 95 tons j)er 24 hourB with 6 cords 
of wood; sulphur in roasted ore, 0.3 per cent.; roasted ore per square 
foot of hearth area, 131 lb.; ratio of hearth to grate area 32 to 1; 15.83 
tons of ore were roasted per cord of wood. 

Silicious ore with pyrite crushed to 20 mesh, containing 2.3 per cent, 
sulphur, was roasted at the rate of 65 tons in 24 hours, with 6 cords of 
wood; sulphur in roasted ore, 0.5 per cent.; ore roasted per square foot 
of hearth area, 90 lb.; ratio of hearth to grate area, 32 to 1; 10,85 tons of 
ore were roasted per cord of wood. 

^ "'The Metallurgy of Lead/' p. 185. 




Figs. 19 and 20. — ^Plan and section, Pearce furnace. 
With combined roasting and cooling hearth. 






ROASTING FURNACES 


109 


Silicious ore with pyrite crushed to 16 mesh and containing 2.5 per 
cent, sulphur was roasted at the rate of 50 tons per 24 hours with 4.5 
tons of refuse slack coal; sulphur in roasted ore 0.5 per cent.; ore roasted 
per square foot of hearth area, 77.0 lb.; ratio of hearth to grate area 
28.66 to 1; per cent, of fuel on ore, 8.5. 

Copper matte, crushed to 40 mesh and containing 20 per cent, sulphur 
and 40 per cent, copper, and 15 per cent, lead, was roasted at the rate 
of 20 tons per day; sulphur in roasted ore, 6.0 per cent, tlie aim of the 
roast being to peroxidize the iron and convert as miic,h as possil)lc of 
the copper into soluble sulphate; ore roasted per square foot of heartli 
area, 38 lb.; ratio of hearth grate area, 35 to 1; coal consumed 3.25 tons* 
per cent, of fuel on ore, 16. 

The Pearce Furnace, — ^The Pear(‘.e furnace. Figs. 19 and 20, is of the 
circular hearth type. The hearth is fornuul by two (ionccvntric walls, 
usually about 10 ft. apart. The operating mechanism is at tlic center, 
from which the ra])ble arms radiate. 

The ore is fed into the furnace from a hoppeu*, to a tapering s(u*ew 
located beneath the hearth, whicli distril)ut<^H and raisevs the ore across its 
width, so that each ral)l)lc blade takers its pro]>ortionat(^ shaix^ as it (‘.omes 
along. The rabl)lc blades nvo attached to the hoiazontal pipe ral)bl(i arms, 
which in turn, are attac.hed to a rigid iron framework radiating from a 
hollow lull), at the center. The hub nwolvc^s on ball bearings, around 
a stationary cast iron column. 

The rabble arm is made of two concentric, pipes, the smaller one Ixung 
fitted into the larger, and having lioh^s at the (uul. Th(^s(i rab])leH are 
continuously water cooled by a gravity systcun. Tlic wat(vr from the 
main is run into a trough locattal above the hvd of the ra1)bl(^,H and to- 
volving with the rabbling mechanism. It then flows by gravity into 
the inner concentric pipe of the rabble arm to the further end, wh(u*e it 
is delivered to the rabl)le pipe, wliich is expos(ul to the hcuit of the fur- 
nace, and flows back again to the otlu^r end of tlie rabl)lc arm, from 
whence it is exhausbul into a stationary (circular trough al)()ut the hul), 
near the floor. A (complete and continuous (‘.ir<mlation is k(‘pt up in 
this way. Air was at first used in the raV>blo arms, but for oxidizing roast- 
ing, satisfaettory for wet nuifchods, it luid to be abandoned. 

The inner circular wall of the furnace has a continuous slot for the 
passage of the ral)blc arms. It is made reasonably tight by travelling 
steel shields, counteuweighted so as to press gently against the walls 
forming tlui slot. The upper part of the wall, al>ovc the slot, rests on a 
casting suspended from I-l)camH and crosB-lmams, and braced by radial 
struts and angle irons. The I-beams are supported by the other wall 
and central colunm, and the cross-beams by the I-beams. The outer 
wall is 18 in. thick. 

The rabble blades, which are made of 3/8-in. shoot steel, are graduated 
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in length and direction from the inner to the outer circle, so that the ore 
on the outer circle, which has to travel a greater distance, may be at 
the same height and remain in line with that near the inner circle. In 
other words, the rabbles are so proportioned that all the ore, through a 
cross-section of the furnace, travels uniformly through the furnace and 
is discharged at the same time, notwithstanding that the ore in the outer 
diameter has considerably further to travel. 

In a furnace having an outside diameter of 60 ft., the smallest blade 
is 3/4 X 6x3/8 in., and the largest blade is 8X6 X3/8 in., and the inter- 
mediate blades are proportioned to these dimensions. There are six 
rabble arms, and each rabble arm has 20 blades, for a hearth 10 ft. wide. 

The rabble arms are fastened to the radial struts by a clamp which 
permits the raising or lowering of the rabble arm, so that the bed of ore 
may be kept level by raising or lowering the further end of the rabble. 
If the rabble is not properly adjusted, the ore may pile up on one side 
of the furnace, instead of having a uniform thickness. 

The depth of the ore varies from 2 1/2 to 3 1/2 in., depending on the 
amount being roasted; 2 1/2 in. is the depth when roasting from 80 to 
90 tons per day, and 3 1/2 in. when roasting 100 tons or more in a 
furnace having an external diameter of 60 ft. Such a furnace has six 
rabble arms, which make three complete revolutions in 5 minutes, or 
one revolution in 13/4 minutes. The ore is therefore rabbled every 
17 seconds. The life of the rabble arm, which is a heavy 4-in. pipe, is 
one and one-half years. The life of the 3 / 8-in. sheet steel blades is three 
months in roasting low sulphur silicious ore, and from five to six weeks 
in roasting 30 to 40 per cent, sulphide ore. The blades are changed 
without cooling the furnace, and without interfering with the daily 
output of roasted ore. The rabble arms may be changed by cooling the 
furnace somewhat. 

Two to three per cent, sulphur ore remains in the furnace from 
2 1/2 to 3 hours, and on the cooling hearth, 1 hour. 

The height from the top of the ore to the spring of the arch is 16 in., 
and from the spring to the crown of the arch, 12 in. 

The Pearc^ furnaces, for sweet oxidizing roasting, are usually built 
with one roasting hearth above and a cooling hearth below. 

The following gives a summary of data on the largest size Pearce 
roasters, Figs. 19 and 20, when roasting ores low in sulphur. 

Outside diameter, 60 ft. 

Width of hearth, 10 ft. 

Average length of hearth, 168 ft. 

Mean diameter of hearth, 53 1/2 ft. 

Total hearth area, 1689 sq..ft. Available for roasting 1500 sq. ft. 

Number of fireplaces, 4. Or 3 fireplaces and one oil burner. 
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Grate area of each fire place, 4 ft. by 4 ft. 8 in. 

Number of rabble arms, 6. 

Number of blades on each rabble arm, 20. 

Angle of blades 22 1/2 degrees. 

Depth of ore, from 2 to 3 1 /2 in. 

Rabbles make one revolution in 100 seconds. 

Ore stirred every 17 seconds. 

Capacity per 24 hours, roasting 2.5 to 3.0 per cent, sulphur ore 
down to 0.5 or 0.75 per cent., 100 tons. 

Power required to drive furnace, 6 h. p. 

Fuel required, 10 tons good bituminous coal. 

The Holthoff-Wethey Furnace. — ^The Holthoff-Wethey furnace, 
shown in Figs. 21 and 22, is regularly constructed with a roasting hearth 
above and a cooling hearth below. The roasting chamber is supported 
on structural steel, arranged so that there is a space between the side 
walls of the furnace and the supporting posts. In this space, on both 
sides, and attached to the posts are the tracks for the rabble trucks, 
running longitudinally with the furnace. The rabble trucks are mounted 
on chains, which are moved, raised, and lowered by sprockets at both 
ends of the furnace. 

The power for driving the mechanism is applied to the shaft at one 
end of the roaster on which one pair of sprockets are mounted. The 
driving mechanism, rabble trucks, chains, and tracks are all located 
entirely outside of the roasting chamber and at all times exposed to the 
air. The slot through which the rabble arms pass are opened and closed 
automatically by tripping doors, or flexible steel sheathing, as the rabble 
progresses through the furnace. One half of the number of rabble blades 
of each rabble are set at one angle and half at an opposite angle, thus 
removing all end thrust. 

The reverberatory arch is firmly held in place between two heavy 
I-beams, suspended from above and from beams resting on the channel 
iron posts. Opposite posts are securely joined together and take the 
end thrust of the arch. 

The ore is fed evenly into the furnace at the drive end, and after 
travelling the full length of the roasting chamber, is dropped to the cool- 
ing hearth and again carried back to the charging end, thus allowing the 
ore the same time to cool that was required to roast it. The cooling 
hearth may be provided with water pipes or water jackets to help cool 
the ore, but this, on account of the length of the cooling hearth, will 
usually not be necessary. 

The furnaces are usually built from 10 to 12 ft. wide and from 100 to 
130 ft. long. The ordinary dimensions are 12 X 120 ft. Such a furnace, 
for roasting ores low in sulphur, is equipped with eight rabbles, which 
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make a complete revolution in 4 1/2 minutes, thus stirring the ore every 
33.5 seconds. The upper sprocket shaft, at tlie drive end, is counter- 
weighted so as to keep the rabble chains taut. 

The iron work for a 10 X 100 ft. Ilolthoff-Wethey furnace, with roast- 
ing and cooling hearths, weighs a])proximately 130, OOO 11). Such a 
furnace usually has four fire-boxes and a grate ai’ea of (H) sf|. ft. 

In the erection of this size furnace there were required: 

68,000 common brick, 

4,000 fire brick. 

It was driven by a 15 h. p. motor. 



Fxg. 22. — llolthoff-Wothoy fumucc. Transverse Hcctiou. 


This size fxirnacc erected at Daloncga, Georgia, roasted (‘oncentratc^s 
containing over 15 per cent, sulphur down to 0.15 or 0.20, all l)ut a tracaj 
of which was as solul)lc sulphat.(\s. 3'h(‘ (‘.aj>a(uty was 35 to 40 tons })(‘r 
day of 24 hours. The ore contained 10 to 12 ixn- (unit, moisture wlum 
charged into the furnac.e. The fu(4 us(xl was 12 cords of wood, whicdi 
for 35 tons per day would ocpial 0.34 cord per ton. At (Jolorado City 
six Holthoff-Wethcy furnaces, 12 ft. wide and 120 ft. long have been in 
operation for many years roasting Cri|)ple Creek ores for chlorination, 
with a capacity of 100 per furna(*.e per day. 

The Merton Furnace. — ^The Merton furnace, Figs. 23 and 24, is a 
rectangular multiple hearth furnace in which the rabbling is done by 
vertical shafts arranged in a line, and passing through the respective 
hearths. To these shafts are attached rabble arms of a radius equal to 
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one-half the width of the furnace. The vertical shafts are a little 
further apart than the radius of the rabble arms, so tliat their areas of 
revolution intersect, and the ore is delivered from one ra])ble to the 
next, through the different hearths. 

Each shaft is set in motion by a worm gear or by spur and pinion, 
and arranged to revolve at the desired speed — ^usually from one and 
one-half to three times per minute. A rab])lc arm is attached to cadi 
shaft for each hearth. In the adjacent hearths tlic rab])l(^s on each shaft 
are placed at right angles to one another. Three of the ra])})le arms in the 
same hearth are made to point in the same direct, ion, while the fourth, 
or end rabble, is at right angles to them. 

The finishing hearth has a special ralfifie to its(ilf whi(‘.h is largxu’ tlian 
those working on the other hearths; it may l)e waicn- (ujohnl, but for ores 
not requiring a high finishing temperature the watcu* cooling is often 
dispensed with. 

The entire furnace is enclosed in 1/4-in. plates, well l)raccd witli 
buckstaves and rods. 

For a standard type furnace the total length is :V2 ft. G in. Tlu^ nnain 
body of the furnace measures 2:) ft. 9 in. long inside tlu^ platens, 8 ft. wide, 
and the height, with three Inearths, is G ft. 

The hearths are horizontal, and iivo not giv(‘n a,ny imdination what- 
ever. The height from the luairth to th<^ crown of th(^ arcGi, inside 
measurements, is IG 1/2 in., and 9 in. at the si<l(‘s. thic.kn(‘ss of the 

crown of the arch is 4 1/2 in. hhuGi of tlu^ Ineuths has a <loor op])osit,e 
each shaft. At the end of each }u‘artli is a slot (a)!in(adlng with the 
hearth below. 

In roasting, the ore is fed in at oiui emd of tlu^ u|)p(*r h<airt.h, and 
passed from one rabldo to the next until it naiclms tln^ otlun* (md, wlno’e, 
discharging through the slot, tlu^ or(^ is di^IivcaHul inj.o luvxt Ina'irth 
below, and is carried by anotluu* s(n’i<\s of ra,bbh‘S to tln^ op|)osiir(‘ (md, 
again it is discharged to the third lunirth n,nd trav(*ls ahmg it to the 
finishing hearth. Near the end of tin', third Inxirili is anotJun* slot in whi(9i 
is a gate permitting the control of t,h(^ disc.hargc^ i.o wha.t is t,(U’m(*d the 
finishing hearth. In this hearth {,h(» ron.st is c,om})l(‘t,(‘d. 

The weight of the iron work of this furmua* is about 12 tons. About 
10,000 ordinary brick and 3000 fire l)ri(tks ar(‘ iM'qiiinal in its (‘.onstrinvtion. 
About 2 h.p. is required to drive th(‘ numhanisin. 

The Edwards Furnace. — ^In the Edwa-rds furmua^, lb*gs. 25, 20 and 
27, the ore is advanced l,)y a senhis of revolving rabbh^s of relatively 
small diameter and of intersecting areas, so that iho om from the first 
rabble is delivered to the next, and so on througli tlu^ scvri(is until it 
issues as the roasted product. 

The furnace is regularly made in two gcmcu'al typcis; one liaving a 
single row of rabbles, known as the "'Simplex,” and the other having a 



116 


HYDROMETALLURGY OF COPPER 


double row of rabbles, known as the Duplex.” These two types are 
built either ''Tilting” or with "Fixed Hearth.” In the tilting con- 
struction there is a double continuous girder, balanced on a center sup- 
port. The girder supports the iron work of the rabbling mechanism 
and the drive therefor. The furnace is adjusted vertically at the end 



Tig. 25. — Edwards furnace. Perspective view. 


j-t s'lHe ^4 



Fig. 26. — Edwards furnace. Transverse section. 


to give the hearth any desired slope. The iron construction is encased 
in brick. The fixed hearth construction is the same as in standard 
reverberatory practice. 

The tilting furnace is a straight single-hearth reverberatory, 63 ft. 
long by 9 ft. wide over all, and 58 ft. by 6 ft. 5 in. in the clear, which is 
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designed for sweet roasting of concentrates or sulphide ores. The shell 
of the furnace is a rectangular chamber of plate-iron stiffened with angle 
iron; this is lined inside with brick. Good common red brick are found 
suitable for ordinary temperatures, although at the fire end fire bricks 
may be used. 10,000 bricks are required for the lining of this furnace. 

On top of the furnace is mounted gearing for driving the rabbles, 
the spindles of which extend down through the cast-iron boxes, built 
into the brickwork of the reverberatory arch. The whole furnace rests 
on two pivots, one for each side. These pivots are arranged near 
the middle of tlie length of the furnace, so that by tilting the fur- 
nace from the horizontal to various angles, the discharge of the ore may 
l)e regulated accoixling to the rate at which it is ])eing roasted. The 
mechanism for tilting the furnace is simple, and can be worked without 
altering the usual speed of the rabbles. The weight of the whole iron 
work including the shell, bracing, shafting, gearing, rabbles, etc., is 19 
tons. No single part of the furnace exceeds 2500 lb. in weight, while 
most of the parts do not exceed 225 11). 

The bottom of the furnace is supported on No. 14 corrugated steel; 
directly on this is placed a thin layer of non-conducting material, and on 
tliis is laid the brick floor. 

There are 15 }-al>bles ])laced side by side along the lengtli of the furnace, 
the blades of whicJi nearly touch the liearth. l^^ach rabble has a circular 
path, the circumference of which almost touches the l)rickwork on either 
side, and as the distance l)etwcen the rablfles is a little greater than the 
radius of the circle dcsscribed, each ralflflc works ore almost up to the heel 
of its neighbor, and as each rabble rotates in the opposite direction to the 
one next to it— they are alternately right- and Icft-liand rabbles — ^the 
ore is not passed along too rapidly from one end of the furnace to the 
other, but gets a thorough stirring and exposure to the air as it 
proceeds on its course. 

The speed of the first 13 rabl)lcs from the feed end is one revolution 
per minute, while the fourtc^enth has two, and the fifteenth, or discharge 
rabble, four revolutions per minute. All the rabbles being driven from 
the same shafting, tlie change in spcicd is arranged by alternating the 
ratio of the bevel wheels. The speed of the fourteenth and fifteenth 
rabbles is so arranged that while they stir into the areas of the adjacent 
rabbles, they do not come in contact with them. The object of this 
increased speed is to give the ore a brisker stirring in the final stages of 
the roast. 

In order to protect the rabbles in the hottest part of the furnace from 
the destructive action of the high temperature, water is circulated 
through the last three to keep them cool; by this means they are found 
to last for years. 

There are two different kinds of rabbles used; one is solid and flat- 
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footed, the front edge of which is beveled; the other is hollow; on the 
arm of it cast-iron shoes are fitted. The latter rabble is the one us(ai 
at the fire end of the furnace. The cast-iron shoes can be slid on or off 
the rabble arm without lowering the heat of the furnace or nnnoving the 
rabble from it. When roasting concentratcis or ores high in sulpiuir, 
the first 10 rabbles, counting from the fcicul (uid, are gcnuu-ally of the 
solid, flat-footed type; these pass through tlie ore closer to th<i hearth 
and effectively stir and expose the particles of ore so long as tiu\y (uirry 
a fair percentage of sulphur. The last five rabbh^s are providcul with 
cast-iron shoes, as by the time the ore reaches this ])art of the furnace it 
has lost most of its sulphur and is less lively. These slnx's pass through 
and under the ore. 

When roasting ores that do not contain nnicJi sul})]iur, shocks are 
used on all the rabbles, although water need only b(‘ (;ir(odat(‘d through 
those subjected to the greatest heat. The ordinary llat-footcxl rabble 
arm is fastened to the spindle by placing the end in a so(‘,k(‘t a,nd passing 
a pin through both. Tlic water ral^bles have a d 1/H in. (cist-iron hollow 
spindle with a flange at the bottom, which is l)oh.(‘d on to a- c.orrc^sjxmd - 
ing flange on the upper part of th<^ arm. 

The ore is conveyed ].)y an automatic bxHhu- from tlie liopfxu* into the 
hearth at the upper end of tlie furnac.(^; afbu* travn^ling to tlu^ lowco’ (Uid, 
near the fire, the ore is discharged down a pi]H‘, locat<xl m^ar one of the 
sides; the bottom of this pipe )>a,ss(‘s tlirough juid works in a cas(‘ heading 
to the conveyor, to prevent any escajxi of dust.. Tin’s (jonveyor puslujs 
the ore into the pit. 

During the roasting air is admitted through tln^ hoh\s, situat(‘d al>ovo 
the fire bars. The fumes pass into tlu^ main flm^ through a short flu(% 
which is attached to the furnace. To allow for iJitj m()v<vm(mt of this 
short flue when the angle of tlui furnaces is the lioh^ in tlu^ main 

flue through which it passes is made larger (Juui jic.iually nxjuinxl for a 
nice fit; in order to cover tlie s})ace hdt Ixd.wixm th<^, shod, and main flu(‘S, 
and prevent cold air from ])assing into tlu^ lattcu*, a sliding (u>v(U*-plato 
moves in a frame, which is Ixilbxl onto thc^ bim^kwork of ilu^ nuun fhna 

The power reejuinui to work the furTuuu^ is from 2 tn d h. p. 

The Duplex furnace is a stationary struct.un^, (l<‘sigm‘d for large 
capacity. The principle of rabbling is similar to that adopt.cHl in the 
tilting furnace, but consists of two lin(‘s of nibbh^s <lriven from two 
horizontal line shafts, and tlu^ walls can be built of l)ri(dv or ccuu'nde. 
The concrete can bo brought to within tavo layiU’s of brick to fire 
zone. The brackets carrying all the mcxdianic.al 8up(n'structur(^ ar<‘ 
firmly fastened to anchor bolts in tlu) furna(X‘ walls, and angh^ st,ays 
and cross bars are so arranged as to make tlu^ ent.ire superstructun^ firm 
and substantial. Buckstays and tic rods hold the whole of ilu!* aixdx and 
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brickwork together with straps on the face of the walls to give solidity 
to the skewbacks to protect the arch. 

This furnace when complete and ready for operating consists of 
100,000 lb. of iron and steel and 70,000 bricks. Fire bricks are only 
used when in close proximity to the fire-box. 

The hearth area of the standard Duplex type, 112 ft. long by 13 ft. 
wide gives 1456 sq. ft. of working area, and the outside measurement 
overall is 116 ft. by 16 ft. 

The usual fall of the hearth in this furnace is 1/2 in. to 1 ft., and the 
mechanism driving the furnace can be so arranged to drive the rotating 
rabbles at various speeds so that the roasting material can be under the 
control of the roasterman. 

The furnace requires from 6 to 0 h. p. to operate, according to the 
speed at which the rabbles are driven. 

The water required to cool the rabbles is 400 gallons per minute. 

The McDotigal Furnace. — ^Tlie McDougal Furnace,^ has long been 
used to roast copper ore and concentrates for smelting, and has been 
modified by Herreshoff, Evans, Kle])etko, Wedge, and others to adapt 
it to modern requirements. This furnace, so successful in imperfectly 
roasting copper ores for smelting, has recently l)een improved to adapt 
it to the more thorough roasting reephred for the hydromctallurgical 
processes. 

The McDougal furnace, Figs. 28 and 29, is essentially a inultiplci hearth 
upright cylinder with central shaft carrying the radial rabble arms. The 
hearths are horizontal arches having discharge ojxmings alternately at the 
center of one hearth and the periphery of the next. The central revolving 
shaft is provided with radial raljble arms for the different hearths, and 
tlie rabble blades are so arranged at an angle with each arm that for the 
odd numbered heartlis they push the ore toward the ccaiter, and on the 
even numbered hearths toward the i>eri])h(uy. In doing so the ore is 
turned over and over by the rabbles and describes a spiral course around 
the shaft. The ore, in its descent from hearth to inearth, describes a 
zig-zag course through the furiuu^e from top to 1)ottom, passing alter- 
nately through tlie holes at the center and at the peripluny. 

The size of the McDougal furnaces, as largely used at Butte, is 16 ft. 
in diameter, and 18 ft. 3 1/2 in. high. It is slieathcd with 3 /8-in. boiler 
iron and lined with a full course of red brick. It has six arched hearths 
with a 9-in. spring and 3 ft. apart; eacdi hearth lias two ralible arms 
making one revolution per ininute. lOach furiuute has two exhaust 
flues 24 in. in diameter and 12 ft. apart, passing out of the roof, and 
flues from three furnaces lead to one main 6 ft. in diameter, having 
openings along the top and bottom for removing the flue dust. 

0, Hofman, Trans. Am. Inst. Mng. Eng., Vol. XXXIV; L. S. Austin, Tras., 
Vol. XXX VII; Peters, “Practice of Copper Smelting.'^ 



ROASTING FURNACES 


1.21 


The central shaft of the furnace is driven from below. The cooling 
water for the ra])bles is foi-ced down to near the bottom of the revolving 
hollow shaft, which is 9 in. in diaim^tiu*, through a o-in. pifxi a, ml out to 
the ends of the horizontal ralilde arms thi-ough 1-in. liorizontal pipes. 
In its uj^ward passage between sliaft and ])ipe it takes ii]) the return 



1 1 (». 28. AULs-(li{ihn(‘rs McDougal fiirnac(‘ (nn‘-h<>.\: typ<‘)« PiTHpc'ctivc' view aixl 

H< tel ion, 

water from the rablile arms and discharg(\s at tlu^ top through two 
sj)outs into a secondary laumhu*. Shafts and arms ari^ nuuhi up of 
flanged sections to permit oi laisy (.‘.\chang(‘. liumiing the overflow 
water at 80*^ I. 20 gallons ot cooling water arc ixapun^d i)(*r minute to 
eool the rabbles. 
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The two rabble arms of a hearth have seven and eight cast-iron 
blades; these are 8 in. long and 6 in. wide, and 5/8 in. thick; the lower 
12 in. of the blade which comes in contact with the ore are chilled. The 
blades on the top hearth last from 25 to 35 days; those on the sixth, from 
6 to 8 months. 

The six circular flat arches which form the roof of one hearth and the 
floor of the next above, require care in construction. There must be a 
large central opening for the main vertical shaft which carries the 
rabbles, and the brick at the periphery must be well anchored. There 
must also be drop holes from each hearth to the next, and these are 
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Fig. 29.^ — Elevation and section. McDougall roaster. 


arranged alternately at the central opening and at the extreme periphery 
of the hearths and protected by iron castings. The first, third and 
fifth hearths have one drop hole at the center; the second and fourth 
have six and the sixth has two drop holes near the periphery. 

The hearths with peripheral openings are provided with a central cast- 
iron ring, cut in halves. This ring circles the shaft, leaving an annular 
clearance space of 3 in. The brick of the hearth butts against the ex- 
terior of this ring in its entire circumference, and is keyed into a groove 
in the ring. The center drop hole is formed by stopping the brickwork of 
the hearth so as to leave an annular space of 16 in. encircling the shaft. 
The peripheral drop holes are 14 in. wide on the first and fifth hearths 
and 18 in. wide on the third hearth, where there is a strong evolution of 
sulphur gas. 

In roasting at the Washoe smelter at Butte, the moist concentrates 
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are dumped into the feed hopper on top of the furnace, which holds 33 
tons. The composition of the material is: 


Moisture, 

S . 1 per cent. 

Cu, 

7 . 42 per cent. 

SiOa, 

21.2 percent. 

Fe, 

2G.1 percent. 

s, 

33 . 2 per cent. 

Ab 03 , 

2 . 7 per cent. 

CaO, 

0.3 percent. 


08 . 94 j)(T cent. 


To this is added 5 per cent, of limestone, of which the diameter of 
the largest piece does not exceed 1 in. 

The ore is fed continously into tlic furnace and is spread on top of 
the hearth to the thickness of 3 in. hy the ra])])les. The ore dropping 
down through the holes in the Iiearths showers through the ascending 
air, which actively roasts it, hut at the same tinu; tliis air current 
carries away the finer particles as dust, which amounts fr*om 4 to 5 
per cent, of the ore charged. The gas(‘s (^scalping from the up])(a- 
hearth have a temperature of 315^ G. ; by the time they reach the flue 
chamber they have cooled to 117^ C. 

The appearance of the roasting at the dirhe'cuit h(\art}is is as follows: 
On the first hearth the ore is dropjxnl at tln^ (hr(uunfer(U)c.e and, containing 
6 to 10 per cent, moisture, is drying out, but attains no visibh^ lieat. 
Entering the second hearth it still looks dark, l)ut shows a bliuj flame 
by the time it reaches the borders of th<^ luairt.h, wlu'n^ it is OOCr C. On 
the third hearth some sparks show wh(U'(.‘ i,h(‘ rabbh^ pjusst^s, togcdJnn* 
with blue flame, and witli a flame tenqxu’atun^ of 9()(r G. On the fourth 
hearth the sparking has ceased, the on', having a,ttained an orange-rcul 
heat. In falling upon this hearth fr()ni theomi aJ)ov(^, the onnis it showers 
down burns freely, hastening the roasting by this monn'iitary, but thorough 
exposure to the ascending tir. On. tluj fifth lu'arth tln^ sulphur is (elimi- 
nated sufficiently so that the dischargee t(emp(era.tur(e is h'ss than the ent.eer- 
ing temperature; that is, the one is })righter mcir tine p(erii)h(ery than at 
the center. On this hearth, the maximum bempeeratune of 9()(f (1 is 
attained. On the sixth and final lueartli tlie lueat has bteceome uniform, 
but is lowered to 860*^ C. As tine one leave's One Inearth it se'ceins brighter, 
but speedily cools to GGO® G. as it falls, smoking freec'ly, into tine hoppter. 
Fig. 30 shows diagramatically the progness of neaeeiions and teempeeratures. 

The composition of the escaping gases is: 


SO,, 

SO3, 

0 , 

N, 


liy weeight I^y volume 
per cent. per cent. 
4.05 2.25 

1.40 0.53 

19.00 18.45 

75.00 78.77 
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Thirty-two pounds of air is needed per pound of sulphur and since 
13.3 lb. of the latter is ])urned off per minute, there is needed in that time 
6384 cu. ft., which passes up the central hearth openings at the rate of 
8.8 ft. per second. A screen analysis of the flue dust shows: 


On 10 mesh screen, 
Between 10 and 30, 
Between 30 and SO, 
Passing SO, 


9 . 7 per cent. 

25.3 per cent. 
30 . 7 per cent. 

33.4 per cent. 


99 . 1 per cent. 

The ore takes about 2 hours and 15 minutes to pass through the 
furnace. 

In starting up a furnace, a small fire of dry, soft, long flame wood is 
started from the three side doors of the third and fifth hearths. A new 


Percentage of Contained Sulphur 



Fig. 30. — Progrciss of reactions and fiam(‘-t(*mperatnr(i in the McDougall roaster. 

furnace is brought to a dark red heat in 3 to 4 days, an old 
furnace requires only 2 days. Concentrates are then fed. After charg- 
ing for 5 or 6 hours, it sometimes happens that the furnace cools down 
too much, and this makes it necessary to start on the third and filth 
floors anew fire for 1.5 to 2 hours; occasionally feeding of the ore is stopped 
and half a ton coal charged. Under normal conditions a furnace does its 
best work when the flue shows a depression in water of 0.3 in. If it is 
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less the furnace gets cool. The temperature may be regulated by the 
admission of air; closing the bottom doors drives up the heatj opeiiiiiir 
the doors draws it down; opening doors higher up checks the draught. 
The rate of feed once settled upon is usually not altered, and the number 
of revolutions the rabbles make per hour remains the same. 

A section of six furnaces is tended to in S-hour shifts by one-third 
foreman, one furnaceman, one helper, one-sixth oiler, and one-nintli 
repair man and one trimmer. 

The dust which collects in the flues connecting the furnaces forms 
4 to 5 per cent, on the ore, is raked out every day. The loss in weight, 
including the flue dust, is about 20 per cent. 

A furnace treats under normal conditions, 40 tons of sulphide ore, 
with 35 per cent, sulphur, and 10 per cent, copper, or 0.042 tons per 
square foot of hearth area, reducing the sulphur to 7 per cent. Roasted 
ore with 14 per cent, copper treated in the same manner, retains about 
10 per cent, sulphur. The product can of course be varied with the speed 
of travel of the rabbles, and the sulphur more thoroughly eliminated by 
the addition of fireplaces. 

The following partial analysis of roasted ore represents two determina- 
tions from the average day and night samples taken during an experi- 
mental run of 15 days. SiO^, 26.9 per cent. ; Cu, 18. 3 per cent, of which 
9.9 per cent, was present as CuO; Fe, 30.0 per cent, of which 17.9 was 
present as FeO; S, 9.3 per cent, of w’hich 0.81 was present as SO3. 

At Butte, in the regular roasting of concentrates the results are: 

Amount roasted in 24 hours, 40 tons. 

Sulphur in raw concentrates, 35 per cent. 

Sulphur in calcines, 7 per cent. 

Hearth area, 952 sq. ft. 

Concentrates roasted per square foot of hearth area, 84 pounds. 

Coal, none 

Cost of roasting, 35 cents. 

The large sizes of the sU 
diameter of 18 it. 5 in., coni 
under the sixth hearth. T1 
a furnace is about 90,000 1 
about 37,000 red brick and 

At the Washoe smelter 
McDougal furnaces are in oj 
and an outside diameter of 1 
3/8 in. thick and are lined 
inside hearth diameter of 14 

At Garfield, Utah, where 
ore and concentrate mixture 
sary to roast below 10 or 1 

^ P,. R, Moore j E, and M. ^ 
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per cent, of the total charge was added on the fifth hearth, which 
gave an average of 55 tons per day at a cost of 22 cents per ton. 
Other averages of over 50 tons per furnace day were maintained for 
six months at a cost of less than 25 cents per ton. The concentrates 
added on the fifth hearth of the McDougals were high in copper. 
They were added there on account of the fineness and tendency to 
produce excessive amounts of flue dust. At Garfield the McDougals 
produce about 6 per cent, flue dust. This flue dust carries more silica 
and sulphur and less copper than the charge. Notwithstanding the 
elaborate system of flues constructed at the Garfield plant there was 
a stack loss of about 500 lb. of copper per day from these roasters. 

The McDougal furnaces are regularly built in the ^'Self-roasting'' 
and "Enclosed Fire-bo.x" type. If a moi'e thorough roast is desired 
in the self-roasting type for hydrometallurgical work than can be obtained 
without fuel, satisfactory results arc obtained by firing with oil, in which 
case the oil is injected into tiie various hearths, as desired. If solid 
fuel is used, it is desirable to use the enclosed fire-box type. This type 
has two grates at the bottom, each having an area of 29 sq. ft. or a total 
area of 58 sq. ft. of grate vsurface to each furnace. In one furnace 
of the enclosed fire-box type, partly muffled, for roasting pyritic ore con- 
taining 45 per cent, sulphur and reducing it to an average of 2 per cent, in 
the calcines, tliere is obtained a capacity of 14.4 tons per day of 24 hours. 

The Herreshofif Furnace. — ^In this furnace, Fig. 31, when used in 
roasting pyrites for sulphuric acid manufacture, or for the preliminary 
roasting of sulphide ores for metallurgical treatment, the rabbles are cooled 
with air, through the central column. This column in a double ver- 
tical hollow shaft. Attached to this shaft arc one or more arms at each 
hearth, and the rcplacal)le ral)l>les are slipped on these arms. The air 
for cooling the rabbles is forced into the bottom of the column and then 
delivered through the ccmtral part of the shaft, from which it passes in 
multiple at once to all ilni arms. After cooling the arms it returns to the 
annular space between, the inner and outer shaft, and finally discharges 
at the top of the outer shaft. 

The temperature of tlic iron in the shaft and arms is kept above the 
condensing point of acid to prevent corrosion, and at a point where the 
strength of the metal is tlie greatest. The rabbles are made in sections. 
There are five sections on each arm of from one to five blades per section, 
depending on their position on the arm. Tlie sections can be slipped 
on or off the arms and any blade can be taken out of the section and 
replaced without disturbing the rest. The hearths are made of special 
moulded arch fire brick. 

The shaft is driven from the bottom by means of a cast iron gear and 
pinion, and makes one revolution in from 70 to 150 seconds, depending 
on the kind of roast. The six-hearth furnace, 15 ft. 9 3/4 in. diameter, 
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requires about 1 h. p. Speed reductions are made by gear, reducing 
worm gear, or sprocket, as desired. A shear pin is provided in the driving 
mechanism which acts as a safty de'^ice in case of undue strain. Tlie 
following table gives dimensions and data for some of tlic standard 
size furnaces. 



i 

I i- 


Outside diameter 



Number of 
hearths 

Fig. 31. — Horronhoff furnace. 
HERRESHCOT FURN A CE 

Hearth area Weight, metal Weight, epeoial 
square feet parte fire brlok 

Founds, sulphur 
per 24 hours 

11 ft. 7 1/2 in 

lift. 7 1/2 in.... 
115 ft, 9 3/4 in, . 

20 ft 

20 ft 

5 

: ■ 7 

6 

5 

7 

3B1 

547 

912 

1,308 

16.000 lb. 

25.000 Ib. 

43.000 lb. 

68.000 lb. 

oo HL. 

16,000' Ib, 

32.000 lb. 

79.000 lb. 
132,000 lb. 

3.000 to 6,000 
4,500 to 12,000 

8.000 to 21,000 
12,000 to 30,000 


L'l:... 



1 

'tie- 





1 
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In the above tables the capacities o-iveii in pounds of sulphur per 
24 hours must he used to form a ^»;(^neral idea onl}^, as the chemical com- 
position and physical cliaracter of each ore, together with the kind of 
roast required, will have to be dcd'.ermined for each particular case. 

The Wedge Furnace. — ^The Wedge fui‘nac(^, Figs. 32 and 33, has for 
many years been succc'ssfiilly used in the east for chloridizing roasting 



Km. 32. — Wedge furiiaco. 

copper ores, and its us(* is rapidly being extended into the field of oxidizing 
roasting. The Wculgt* finanice is of tint McDougal type and built in var- 
ious diameters, with oin% thre<% five, or stwen hearths, as may be recpiired. 
The top of the furruKte is imnl as a dryca*, and a bottom hearth, below the 
roasting hearths, may be used as a cooler. 

Tlie ore or concentrate is hul to the top of tire furnace at the peri- 
phery, and is mechanically fed across the top, entering the center of the 
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furnace dry and hot. The feed entering the furnace is so ari'angod that 
the material forms a lute, making the furnace gas-tight at this ])oint. 

One of the most distinctive features of thx'. fiirnaco is tlu^ centi'ai 
shaft which is hollow, open at tiie top and bottom, 4 ft. in diainetcng 
and is covered with tile which are atta(9ied to and rc.volvv, with the 
shaft. The advantage of the lai-ge hollow shaft is that an arm can 1)0 
changed easily and without losing heat in tlu^ funuuan Tln^ arms arc 
held in position by breecli Idocks placed upon tlu^ inside of tln^ (amtral 
shaft; this makes it possible for workmen to ent(U‘ the central shaft wliile 
the heat is in the furnace, and remove tlie Ineecdi bloc.k, wlien wor-kmen 



Fkj. — llahhh^ d(‘tails, Wctlgc^ {'unuKu;. 

on the exterior of the furinuai will withdra.w th(‘ woiaiout arm through 
one of the doors and insert a lunv a.rm, wlum (,hi‘ workman on the; inside 
of the shaft will replace the brcx^di ])lock. Al! ]>a,rts in c;onmu;tion. willi 
the rabbling mechanism are int(a*(dia,ng(iaJ)Ie. 

The arms are built for eitlier wa,te,r c.ooling or a.ir c.ooling. IkacJi arm 
has its own supply })ipe and disclnirgc^ ])ip(‘, so that it is possibh^ for the 
furnace opei'ator to know at all tim<‘S tlnit (cndi a,rm is r<‘c.(‘iving it.s 
proper supply of waten*. 

The hearths a, re all levfT This is m:ul(‘ ])ossibl(; by 1)uilding them 
of specially sliapcid tire brick. 'rh(‘.S(» a,r(‘ [>r(‘ss(‘d brick and the a.rc,h(‘S 
are laid up dry. Tlu^ n^sult is that, falling a,r(di(‘S an; (timimited. In 
furnaces wliicli have; b(;en in ojan^ation For (‘ight y(‘a,rs, tin; a.i‘(d)(‘s are still 
in good condition witliout tin; (;x])(;n(lit.ure of om; dolbir for repairs. 

The weight of the central shaft a.nd arms, iinduding the arms on the 
dryer hearth, is carried on i-ollci* b(;a, rings. This rediH^es the power 
required to operate the furnace; to a minimum. The indicated power 
on a large 21 ft. 6 in. diameter furnace, witli seven hearths, is less than 
2 h. p. 

The furnace is built with cither a full stead shell or skeleton construc- 
tion, as may be desired. Common red Ijrick may l)e used in the side walls. 
The furnaces may be fired with oil, gas, or solid fuel. When solid fuel 
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is used the fire-boxes are placed at the sides of the furnace, and the heat 
or gases to the various hearths regulated by suitable dampers. 

The single hearth chloridizing furnace, made for direct firing with 
oil, is 32 ft. in diameter and has a capacity of 100 tons of pyritic cinder 
per day of 24 hours. The fuel used is 14 gallons of oil or 210 lb. of coal, 
per ton of ore roasted, or approximate 10 per cent, of coal on the weight 
of ore. 

The multiple hearth muffle fired furnace has been successfully used 
for sulphating roast, in which, on some ores, 88 per cent, of the copper 
was soluble in water. By the use of a weak acid, which can be made at 
low cost from the escaping gases, the extraction has been increased to 
98 per cent. 

The rabbles and rabble arm. Fig. 33, can easily and quickly be removed 
and replaced. 

The furnaces are built both with open hearth or muffle, and of vary- 
ing diameters and number of hearths. The following table gives the 
essential figures for some of the standard sizes. 


No. 

Diameter outside 

Number of 
hearths, sq. ft. 

Hearth area, 
sq. ft. 

Weight of 
metal parts, lb. 

Capacity in 24 hours, 
tons of 2000 lb. 

1 


5 

217 

18.075 

22.075 

2.5 

10.8 

2 


7 

304 

3.5 

15.0 

3 

12 ft 

5 

373 

22,200 

4.3 

18.6 

4 

12 ft 

7 

522 

26^600 

76,500 

91,800 

97,000 

6.0 

26.1 

5 

16 ft 

5 

725 

8.3 

36.0 

6 

16 ft 

7 

1015 

11.6 

51.0 

7 

20 ft 

5 

1245 

14.3 

62.0 

8 

20 ft 

7 

1743 

113,000 

20.0 

87.0 

9 

21 ft. 6 in 

5 

1470 

101,200 

118,000 

76,300 

16.9 

73.5 

10 

21 ft. 6 in 

7 

2058 

23.6 

103.0 

11 

22 ft. 6 in 

3 

978 

11.2 

48.9 



12 

32 ft 

1 

787 

154,400 

1 

100 




No. 12 furnace is designed more especially for chloridizing purposes, 
and the capacity shown above has been demonstrated in this service. 

In the capacity column the figures at the left are based on roasting 
pyrites containing 50 per cent, sulphur, and reducing the sulphur to 
2 per cent, in the roasted ore. 

The figures at the right in the capacity column are based on smelter 
practice where concentrate containing 35 to 38 per cent, sulphur is 
roasted, the sulphur being reduced to from 7 to 9 per cent. 

When oil is used as fuel it can be introduced through port holes 
anywhere at the sides of the furnace, as in Fig. 32; if coal is used, regular 
fire-boxes are necessary, as shown in Fig. 41 . 

The Greenawalt Porous Hearth, — The porous hearth. Fig. 34, inventey 
by John E, Greenawalt, and patented in 1906, is applicable to and 
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furnace. Some rather remarkable results have been obtained in roasting 
ores by the use of this device, both as to saving of fuel and capacuty per 
square foot of heartli area. 

The essential principle involved is the metliod of siipj)Iying suffudcnt 
air for the ready oxidation of the incandcscuuit siil))}ud(‘ particles not 
directly exposed to the oxidijjing atinosplun-e of tiui roasting (diain))er. 
One of the greatest olrjections to rcvcn-beral-ory fiirna(H‘s is i.hat the luait 
and air cannot be most effectively ai)plied. The io]) layer of the ore is 



exposed to the highly oxidizing atinosplun-i*, btit that below the RUiface 
is in an atniospluaxj whicJq if not reduc*.ing, is certainly not highly 
oxidizing. 

To obviate these difruniltic^s Orecmawalt conccn’ved tin? idea of placing 
the roasting ore on a |)orous IhhI, or filter, and p(‘rcoIate the iiir, either up 
or down, through the ore masB and porous htal. In carrying out the 
first experiments in a liand njverberatory furniuuq cc^riain interesting 
results were obtained. The air, in roasting lu^avy Hulpliide ores, was 
not found to l)e of nmeh Ijciudit in the early stagers of ilic^ roasting, but 
in the later stages it proved of the greatest advaiitfige. Anotlua’ difficulty 
in roasting heavy sulpludc ores was that tfuj oxidizing efTects wore so 
violent that the heat ev(>lve<l Hint<^red the cliarge so tluit the sintered 
portion had to be scrcencKl from the roasted ore before it was learned 
how to properly regulate tlie draft or suction. The sintering, or agglom- 
eration, was entirely due to the air supply, so that if the ore was to be 
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roasted without agglomeration, the air was percolated through the ore 
and porous bed with moderation, while if agglomeration or sintering 
was desired the air was used with considerable suction or pressure, 
depending upon whether down-draft or up-draft was employed. Roast- 
ing, with or without sintering, was found to be purely a matter of air 
supply. The down-draft gave more uniform results than the up-draft. 

The amount of air that can be passed through a bed of incandescent 
ore, on a porous hearth, is also surprising; as much as 14,000 cu. ft. of 
air per hour have been passed through a hearth 10 ft. square, continu- 
ously, without disturbing the ore particles. 

The following results were obtained on tests made by the New Jersey 
Zinc Co. with the demonstration furnace at Denver. The furnace has 
a hearth area 100 sq. ft. It is arranged for hand rabbling and fired 
with coal. The tests were made under the supervision of W. C. Wetheril, 
consulting engineer and metallurgist of the Empire Zinc Co., and Wm. 
H. Paul, assistant engineer. The chemical determinations were made 
by the company’s chemist, E. M. Johnson. 


WITHOUT AIR (24 HOURS) 


Sulphur 



Total S 

Sol. lIsO 

Sulpluiil(‘.s 
j NaaCJCa 

In.solublo S 

11.00 a. m. Charged raw ore 

31.3 

O.OM 

O.M 

31 . 15 

1.00 p. m. — second hour 

19.5 

0.760 

1.17 

17.57 

3.00 p. m. — fourth hour 

17.6 

0.150 

0.37 

17.08 

5.00 p. m. — sixth hour 

16.0 

0.150 

0.37 

16.11 

7.00 p. m. — eighth hour 

12. S 

6.130 

0.39 

12.28 

9,00 p. m. — tenth hour 

11.1 

0.120 

0.29 

10.99 

11.00 p. m. — twelfth hour 

5.1 

0.190 

0.62 

4 . 59 

1.00 a. m. — fourteenth hour 

2.9 

O.IIO 

0.56 

2.23 

3.00 a. m.- — sixteenth hour ! 

3.2 

O.IKO 

0.65 

2.37 

5,00 a. m. — eighteenth hour 

2.3 

0.25 

0.7S 

1.27 

7.00 a. m.-rtwontieth hour ! 

1.1 

0.15 

0.31 

0.14 

9.00 a, m. — twenty-second hour \ 

1.1 

0.23 

0.S7 

0.30 

11.00 a. m. — twenty-fourth hour ’ 

♦> r 

0.72 ' 

0.19 

0.59 

Roasted ore, final average of entire charge 

3.1 i 

i 0.72 

1.17 ^ 

1.21 

1 

SiOs 

i 

i Fe 

1 

1 

Fb 

Crude concentrates 

1.6% 

1.6 

10,2% 

46,8% 

5.7% 

Roasted concentrates 

11.6 

53.4 

5.0 



Weight of charge, raw, 2000 lb. 
Weight of charge, roasted, 1690 lb. 
Shrinkage, 310 lb. 

Coal consumed (slack), 3052 lb. 
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WITH AIR (12 HOURS) 

■ r 

I Sulphur 


Total ! 


9.45 a. m. Charged raw ore ■ 

10.45 a. m. — first hour j 20.18 

11.45 a. m. — second hour i 21.02 

12.45 p. m. — third hour ! 19.70 

1.45 p. m. — fourth hour 17,90 

2.45 p.m. — fifth hour 15.04 

3.45 p. m. — eighth hour 11.01 

4.45 p. m. — seventh hour 0.75 

5.45 p. m. — eighth hour 3.17 

6.45 p. m. — ninth hour 1.23 

7.45 p. m. — tenth hour 1.12 

8.45 p. m. — eleventh hour 0.85 

9.45 p. m. — twelfth hour 0.08 


Roasted ore, final average of entire charge | 0.08 


Soluble 


0.11 
0.21 
0.25 
0.:i2 
0.34 
0.10 
0.12 
0.48 
0.50 
0.00 
0.03 
0.00 
0.50 
0. 18 


SiOs he Zn 


Crude concentrates. . , 
Roasted concentrates 


l.(P; 

1.0 


10.0 

n.s 


4<L9'; 
55 . 0 


Furnace charge raw ore, weight 1800 Ib. 
Furnace charge roasted ore, weight 1551 lb. 
Shrinkage, 249 lb. 

Coal (slack) consumed, 1100 Ib- 


Iinsoluble 


34.5 

25.87 

20.87 
19.38 
17.50 
14.04 
11.19 

0.27 

2.01 

0.63 

0.49 

0.19 

0.18 

O.JU 


ri> 


5 . 8 


3.3 


In these comparative tests, alternate charges of ore were roasted 
without and with air passing throiigli the hearth^ other conditions 
remaining the same. 

From these tests it was concluded that, with the porous hearth, the 
capacity of the furnace was increased from two and oiui-lialf to thrcH^ 
times; that the amount of fuel rcfiuired was only 35 per (Kuit. of the 
amount required without the air, and that tlie total (‘.ost of roasting was 
reduced by 65 per cent. 

Two mechanical furnaces, 10 ft. wide and 100 ft. long were then 
erected to roast this and similar material, l)ut the huul and otlier ingre- 
dients of the ore formed a smooth crust due to the fric^tion of the rabliles 
with the stationary ore on the hearth, which soon liecuiinc impervious 
to the air. To what extent such a crust would form in roasting other 
ores is somewhat questionable. In silicious orcis, like those of Cripple 
Creek, no crust of any kind is discernible lietwecn tlie moving and 
stationary ore of the hearth, even after furnaces have been in operation 
for years. The stationary ore is as permeable as the moving ore. Under 
such conditions no crust difficulties should arise, and the capacity of 
the furnace should be enormously incteased, and the cost of roasting 
materially diminished. 
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REVOLVING FURNACES 

Brtickner Furnace. — ^Tlio Bruckner furnace was introduced in Colo- 
rado in 18G7, and since that time has been more or less gcaierally uscai 
both in oxidizing and chloridizing roasting. 

The furnace, as shown in Figs. 35 and SG, consists of a cylindric.al 
shell of steel plate, with circular openings at each (vnd. Two circuhir 
tracks are fastened around the cylinder, at equal distanc(\s from the ends. 
With these tracks the cylinder rests on four riding whec^ls or rolhu-s, 
which are mounted on strong cast iron frames. Two of the rollers Inive 
double flanges to keep the cylinder in proper alignment. 

A revolving motion is given the cylinder by nuains of cogs and 
pinions, so adjusted that the proper reduction in s])(*.(‘d is mad(i Ix^twiam 
the driving pulley and the revolving cylinder. A large p(‘ri])h(‘ral (a>g 
is fastened to the cylinder, which meshes into a ])ini<>n of suital)le siz(^ 
Fig. 36 shows the mechanical details of the cylinder and driving imadi- 
anism for a furnace 8 1/2 ft. diarn. ])y 38 1/2 ft. long, and having a 
capacity of 8 to 11 tons of ore at a charg(‘. 

A fire-box is placed at one end of the cylimhn*, the throat, of w}u(‘}i 
corresponds with the central end opening; whiles a similar opening at tln^ 
other end communicates with the stationary flm^ or dust chamber. Tlui 
fire-box for the furnace is built of brick, and in, sonu^ instama's it is 
mounted upon wheels so that it may be removcal i.o fa(ulitat(j the nvlin- 
ing of the shell. When a complete roast is desircnl, a stationary fir(.^-l)ox 
is to be preferred over a removable one. 

There are four doors in the cylinder; two of tln^se are placard <liam(d.- 
rically opposite the other two. Tluj doors serv(‘. for c.lmrging and discduirg • 
ing the ore. A hopper is placed above the furmute larger (mough to hold 
a charge of the material to be roasted; this hoppen,- luis two oid-h^t s])ouis, 
each provided with a slide, which corres])onds witli the furnac<i doors. 

The shell, as well as the ends, are lined wil.h brick. .Provision is 
made in the driving meclianism to rcigulatc the from (Huinwolutiou 

per minute to one revolution in 3 miuutcjs. 

The ends of the cylinder are sometimes contrac/tcnl to facilitate 
discharging of the ore, but this is not m^cuissary, exc(q)t for larg(i fur^ac(^M. 

These furnaces arc usually ])uilt of various standard siz(ts; tln.^ di- 
mensions, weights, and capa(uti<^H, are approximatc^ly as follows: 


BRXJCKNI^R ROAS'riNB FURNAOI<:S 



“ 




Size of furnace 

Weight of iron work 

Nuinl)er 
fir<^ brick 

Nuinlx'r 
common brl<*k 

Ciipacity, per 
charge, tonn 




i 

1 ' 

6 X12 

17,800 Ib. 

1,300 

1 18,000 

i 

4 

7 X18 

30,000 lb. 

1,700 

1 20,000 

1 6 to 8 

8 1/2X18 1/2 

52,000 11». 

; 2,8(K) 

; 25,0(K) 

i H to 1 1 

8 1/2X28 

69,000 lb. 

1 3,3(K) 

1 i 

j 27, (KK) 

15 to 25 
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Fig. B6, — ^Bruckner furnace. Perspective view, showing mechanical details. 



ROASTING FURNACES i;]7 

In the operation of the furnace two of the doors in tlie cylinder are 
opened and brought directly under the hopper s})outs. Tlie slides are 
then withdrawn and the charge allowed to ]-iin in. The furiuu;e is then 
given a slight turn to bring it in a couvejiient position t.o close the doors, 
which are then fastened as tight as possil)le. 

The cylinder is then revolved and a strong fire niaintained, until 
the sulphur is well ignited. If the charge Ixnng r()ast(Hl is Inaivy sul- 
phide ore or pyritic concentrates, tlu^ firing is disconfimnal ari,(u- the 
sulphur is thoroughly ignited. The lieat d(‘V('lo])(‘d by ])urning 
sulphur is considerable, and if augunuuikHl by exterjuil firing, c.nking 
and balling of the ore would takc^ ])lac(^ 

Usually two charges of ore are roasted in 24 hours. If th(‘ or(‘ is a 
heavy sulphide, the furnace can ])e run from tlire(* to four hours with- 
out firing. If the ore is being (diloridixicMl, salt, is tlnm a,dd(*d, and t In? 
roasting continued with a moderaf.i^ fircu Tlu^ tiunjaa-aturc.^ may b<‘ 
observed, and scoop sani})l(\s taken, from a hol(‘ ])a(4v of t-lu^ flu(\ Wlum 
the roasting has fairly wc^ll ])rogr(^ss(‘d, tlu^ charg<^ in tJi(‘ furna,<a‘ los<‘s its 
tendency to run like a li(iiiid, and assum(\s an im^IiiuMl posit. ion, uj) to 
45 degrees. This unequally distributed weight. a.(r(.s against. th(‘ diiHU't.ion 
of the motion, and if the (dubdi is f.hrowti out in ordiu* t.o st.o]> t.h(‘ furmnaq 
this weight will pull the furnace l)a<‘.k n(»a,riy a (luart.iu* of a turn. If tin; 
ore is given a chloridizing roast., tlu^ salt is introdiuual through two of the 
doors and well scatter(Kl ovtu* tlu) c.harg(^. 

When the roasting is fmisluid two cars a,r(‘ ))\ish(Ml umhu’ tln^ Airnace, 
one for each door. All four doors an^ tlum ojaunal and tin^ funuua^ 
again revolved. The receiving cars a.n^ nuuh^ na.rrow so that no on^ 
is dropped beyond tlie (‘onfimis ot tlici car, becuiusc: t.ln^ or(‘ dis(‘luu‘g(‘s 
through the doors ov(‘r a largi^ arc,. 

The revolving motion of the Bruckmvr furiin,<‘(^ should b<‘ slow. Tlu^ 
ore, in any case, is continuously changing it.s jiosit.iou and <vx})osing lu^w 
surfaces. There is no advantages in moving thi* on‘ more^ rajudly t,han 
the ore at the surface can be oxidizeal. ().iu^ r{‘volut.ion in two oi* t.hnat 
minutes should be ampltx 

In the larger sizenl Jbaickiuir furna.c(‘s, tin* ore is (‘xposcsl to ratlu^r 
an uneven heat. That muir the fin-box is a,t a consid(‘ra,])ly higheu' tem- 
perature than the oi*e at tlie further (uid, from ,18 to 28 ft,, distant. To 
overcome this defect, (). Hofmann modiflcal t.lu^ Brmvkma* furmua* by 
placing a fire-box at both (uuls, and arrangial so t.hat. f.ln^ iir(-l)ox<‘s (amid 
be used intermittently, l)y damper arrangemumts c.oiun^id.ing with the 
flue, or dust chamber. 

The cylinders are made to revolver slowly; tlu^ smalhu’ oni's liy ajiply- 
ing power to a shaft carrying the friction rolhu's, tlie birgm* omss by a 
pinion which engages a spur gear surrounding the cylinder. 

Howell -White Furnace.* — ^The llowcdl-Wliite furnace 18* vs .87 smd .8K 
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consists essentially of a long telescope-shaped cast-iron cylinder, made 
in sections with cast flanges, carefully fitted, and bolted together. The 
cylinder is supported on a system of rings resting on friction wheels, and 
guided in a central position by rollers in upright frames, and revolved by 
friction of the wheels operated by gears and pulleys. The flame passes 
through the revolving cylinder from a fire-box at one end to the flue at the 
other. 

That one-third portion of the cylinder nearest the fire has a larger 
external diameter than the part next the flue, but it is lined with fire 
brick to make its internal diameter the same as that of the smaller part, 
which, although unlined, stands the heat very well. In some instances 
the entire cylinder is lined, and this is probably the best when the ore is 
given a thorough oxidizing roast. 



Fig. 37. — Howel-White furnace. 

Projecting fire brick, arranged spirally in the brick-lined portion, 
assist in oxidation by raising and showering the ore through the flame, 
which passes directly through the cylinder. When the feed end of the 
furnace is not lined with brick cast-iron projections are provided for the 
same purpose. These projections make large quantities of dust, some- 
times from 30 to 50 per cent, of the ore charged, and for that reason are 
frequently omitted. 

The cylinder is inclined slightly toward the discharge end in order 
to advance the ore gradually against a constantly increasing temperature. 
The furnace is fed at the upper end with dry ore by means of a screw 
feeder, and then makes its way automatically toward the lower end of the 
furnace, where it passes out, dropping between the end of the cylinder 
and the fire-box, into the vault. 

On account of the excessive dust from the furnace, an auxiliary 
fire-box is usually placed at the flue end of the furnace for roasting the 
flue dust as it passes, suspended in the air, into the dust chamber. If 
the spiral projections are omitted from the cylinder, the auxiliary fire 
to roast the dust may also be omitted. The ore as fed into the furnace 
has its sulphur fairly well eliminated before it comes against the more or 
less direct flame from the fire. 
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The furnace requires very little repair, and very little power to run 
it, while its capacity is (juitc largx^. The revolving speed of the funuiee 
is adjustable; and may vary from three to eight revolutions jxu* miiuit.iq 
the larger furnaces revolving luoi’e slowly than the smaller oiic^s. 

Fig. 37 shows a longitudinal elevation of the furnaeci and Fig. 38, a 
section through the discharge end. 



The following tables giv(‘s t-lu^ stamhird siz(‘s of the llowell-White 
furnac(^, with wedghts, nuiha-ial, (atpa<‘iti(‘S, c‘j.e. 


Diameter 

inchca 


31X41 

52X62 

52X62 

52X62 


HOWKLL-WHITJC m)ASTtd{S 


Leu^5:th, 

Capacity ia 

Weight of iroa 

I' ire luhrk 1 

feet 

toaH 

work, Il>. 

re<itan'<l 

23 

15 to 20 1 

25,000 

1.000 

27 

30 to 50 i 

43,500 

2,700 

34 

50 to 60 

54,fKK) 

2,700 

30 

00 to 70 ! 

50.(KK) 

i 3,(KK) 


(’omnH)H brick 
nMiuirod 


22,(KM) 

28,000 

28,000 

31,000 
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This furnace has been largely used for chloridizing roasting; when 
so used the salt must be fed in with the ore. A portion of the salt may 
be added as the ore drops into the vault, after passing throiigli the 
cylinder. 

Muffle Furnaces. — All of the well-known designs of standard rever- 
beratories may be modified to muffle furnaces by placing flues under the 
hearth, and by having two concentric arches over the reverberatory 
chamber. 

A modification of the hand reverberatory for muffle roasting, in 
chloridizing pyritic cinders, is shown in Fig. 49, page 2G3. 



Fig. 40. — Edwards mufllc furiiaco. Triimvamo 


A modification of the Brown furnac(i for muffle roasting is shown in 
Fig. 39; for the Edwards, in Fig. 40; for the Wedge, in Fig. 41, and for 
the AUis-Chalmers McDougal, in Fig. 42. Thone ilhiHtrations fairly 
represent the modifications required for the straight line chain-driven 
roasters; the straight lino circular rabl:)lod roasters, and the multiple 
hearth furnaces with central revolving shaft. 

Muffle furnaces are not as economical as rcverl:)eratorie8, but for 
certain work present recognized advantages. The heat can be regulated 
more uniformly and the amount of dust is minimized. Tn fddnridh/infr 
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roasting, muffle furnaces present the decided advantage that the volatile 
metals in the fumes can be more readily condensed and recovered. In 
reverberatories, or other direct-fired furnaces, the gases from the fires are 
mixed with those from the ore, so that the volume of gases passing 
through the condensers for the recovery of the volatilized v.alues is quite 
large, and by far the largest amount of air in such cases is due to the 
combustion of the fuel. In chloridizing roasting only that part of the 
furnace containing the ore after the salt is added need be muffled. 

A combination of reverberatory and muffler (am frequently be used to 
advantage to avoid excessive dust loss, and whei'e it is intended to make 



Fici. 41.-— Wedge inufllcj furnace. 

sulphuric acid to leach the copper from the roasted on^. Fig. 42 shows 
such a furnace, in which the three low(*r luairths are inufflcKl with special 
tile to keep the products of combustion from the firci-boxes separate 
from the sulphur dioxide gases; the fununte is e(|uipp(xl with uptakes for 
conveying the gases, and a separate stack is arrangcKi with connections 
to the muffles for taking away the gases of comlmstion. If sulphuric 
acid is to be made, furnaces may be muffled ho as to get the maximum 
sulphur dioxide content in the furnace gases for thcj manufacture of the 
acid, and the remaining sulphur in the on^ can then be eliminated by 
a continuation of the same hearth into a reverberatory chamber in 
which the fumes from the ore and from the fuel commingle and pass 
out together, and separately from the sulphur gases from the muffle. 


ROASTING FURNACES 
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Fig. 41 shows a mufHe furnace now largely used in the chloridizing roast- 
ing of cupriferous pyritic cinders for the extraction of the coppei’. This 
type of furnace is replacing the hand muffle furnaces used for that 
purpose. 

Ore Coolers. — ^After roasting, it is necessary to cool the ore before 
charging it into vats or agitators for chemical treatment. The cooling 
in almost all of the furnaces is done in combination with the roasting by 
a mechanical device similar to the rabbling mechanism of the furnace. 
Usually, as in the case of the Pearce, Holthoff-Wethey, and Wedge 
furnaces, by dropping the ore to a lower open hearth and continuing the 
rabbling as in the roasting. Frequently the cooling hearth is made of 
water jackets, or pipes, through which cold water is continually circulated. 
When the design does not conveniently lend itself to the use of a lower 
hearth, the ore is cooled by a rabbling device similar to the roasting 
mechanism, and either connected with it, or as a separate apparatus. 
A push conveyor, with water jacketed bottom, arranged to deliver the 
cooled ore to the leaching plant, makes a good cooler. In Figs. 20 and 
22 the lower hearth of the furnace is used to cool the ore. 

Dust. — Dust presents one of the most serious problems in roasting. 
If the ore fed into a furnace contains an excessive amount of dust, the 
capacity is reduced. In one of the Cripple Creek mills, wlien the ore in 
the supply bins became low and contained an excessive accumulation of 
dust, the capacity of the furnaces was reduced from 100 to 90 tons per 
day, but this decreased capacity was of short duration, as the bins soon 
became empty and a fresh supply of ore had to be provided. Ore 
crushed exceedingly fine cannot be roasted at the same rate as ore 
crushed from 8 to 20 mesh. 

All furnaces make more or less dust in roasting, which if not recovered, 
represents a serious loss; and if recovered, an additional expense. A 
dust chamber is usually a necessary adjunct to a roasting furnace, and 
must be taken into account in a roasting installation. 

For straight line reverberatory furnaccB the d\ist recovered in suitable 
dust chambers varies from 1.5 to 3.5 per cent- of the ore roasted. Much 
depends on the nature of the ore and the specKl of traved of the rever- 
beratory gases. In multiple hearth furnacoB the recovery in the dust 
chambers will usually be from 3.5 to 5 per cent, in careful work. In re- 
volving furnaces, the dust recovery in the flues or chamber is quite large. 

M. W. von Bernewitz gives as an example^ a battery of six roasting 
furnaces with a capacity of 20 tons each of Kalgoorlie ore daily, that 
has been crushed to 25-me8h screen. These furnaces are connected with 
a flue 100x7x7 ft. and a stack 100x6 ft. with a 1/2-in. draft. Twenty 
tons of flue dust are collected monthly, which amounts to about 3.5 per 
cent, of the ore roasted. 

^ E. and M, Feb. 26, 1910. 
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As a rule the dust collected from the dust cham!:)ers is not well 
roasted. This is largely due to the fact that the partially heated ore dusts 
more than after it has been heated to incandescence, but more largely 
due to the rapid travel of the fuel and furnace gases over the partially 
heated ore at the rear of the furnace. Roasting furnaces, as usually 
built, exhaust all the gases from one opening at the rear of the furnace, 
so that as each fire-box discliarges its gases into tlie roasting chamber, 
the draft, or speed of travel of the gases against the roasting ore must 
be proportionately increased with each addition. At tlie rear of the 
furnace all the fire-boxes have poured their gases into the roasting 
chamber, and as the ore is rabbled, the rapid movement of the gases 
over it, whip a large proportion of the finer unroasted material into the 
dust chamber. 

There is no reliable data available on the dust loss through the stacks. 
It is probably more than usually supposed. In one of the Cripple Creek 
mills there was at one time an unaccountal)le loss of values amounting 
to 1 per cent. It was thought that much of this was due to dust losses 
in the furnace stack. 



chapt]^:r vii 

" TYPICAL EXAMPLES OF ROASTING 

Roasting of Cripple Creek Ores. — Most of tlu' oih's in Cripple Greek 
are roasted before chemical treatment. The amount roasted per day 
is about 1500 tons. The ore after roasting is treat ed l)oth by the chlorina- 
tion and cyanide processes. All the furnaces now in use are designed to 
roast 100 tons of ore daily. Of the furna(*(‘s in n^gular o|>(a’ation, there 
are three Pearce furnaces; six lIolthofY-Wi^tlK/y; <ught J^klwards, and 
one Holthoff revolving hearth. All of these furna(‘es are giving satis- 
factory results. 

The average chemical composition of Crij){)le (■‘nadc ores which are 
roasted, is about as follows: 


SiOa, 

60 to 70 per cent. 


I 

. 5 to 3.0 per cent. 

AI 2 O 3 , 

18 to 22 per cent. 

ph, 

tnir(* 

to 0. 10 per cent. 

CaO, 

1 . 5 to 2.5 per cent . 

'An, 

trace 

to 0.10 per cent. 

MgO, 

0 . 1 to 0 , 25 per cent. 

Mn, 

trace 

to 0. 15 per cent. 

BaO, trace 

to 0 . 25 per cent. 

K and Sn, 5- 

, Oto 10.0 percent. 

Fe, 

3 . 0 to 7 . 0 per cent. 



t riivi*. 



C’u, 


trace. 


The ore as it comes from the mines is (*rushed tlirough rock breakers 
and rolls to pass through 8- to 16-mesh s(*re<ms. The oxidized ore, as it 
comes from the mines, contains as low as 0.25 lau* cimt. sulphur; the im- 
oxidized, from the deeper h.wels, contains as lumdi as 5 per cent. ; the 
average for the different mills ranges In^t wecm 1.5 and 2.75, depending 
on the condition of the mines from which most of the ore (^omes. 

Ore low in sulphur — from 1.0 to 2.0 p<*r camt.— is roasted until it 
contains between 0.25 and 0.60 per cent.; that carrying from 2.25 to 3.25 
per cent, to between 0.50 and 0.85 per cuuit. All of th(‘ mills are at pres- 
ent equipped with furnaces which regularly roast IOC) tons of ore con- 
taining from 1.5 to 2.5 per cent, sulphur; wluui the sulpluir exceeds 2.5 
per cent, the capacity is likely to l)e reduced to 00 tons, while on the 
contrary, if the sulphur is about 1.5 per cent, or less, the capacity may 
exceed 120 tons per day of 24 hours. The hearth area of these furnaces 
is between. 1200 and 1500 sq. ft.; the grate area alrnut 75 sq. ft. 

Many of the furnaces are fired with producer gas. The ore coolers 
are usually located directly under the roasting hearths and form part of 
the furnace, so that the ore on issuing from the roasting hearth drops to 
the cooling hearth, to be turned over, cooled, and advanced by the cool- 
ing hearth rabbles. 


14A 



TYPICAL EXAMPLES OF ROASTING 


147 


The consumption of fuel varies from 10 to 15 tons of Western bituminous 
coal per 100 tons of ore roasted. Lignite is used to some extent, but is 
not as effective as the longer flame bituminous. Oil and residuum are 
also used, but in connection with coal. If they are used together it 
takes 5 tons of coal and 150 gallons of oil per 100 tons of ore. 

The ore, in roasting, is given an initial temperature at the first fire-box 
of 1200 to ISOO*^ F. and at the last fire-box from 1400 to 1500° F. The 
temperature of the fuel gases entering the reverberatory chamber is 
approximately 1800° F. The ore never attains this temperature, because 
it is being continually stirred and advanced, so that only the top layer 
is momentarily exposed to the higher temperatures. 

The charge remains in the roasting furnaces from 2.5 to 3.0 hours, 
and on the cooling hearth from 1.5 to 2.5 hours. The bod is from 2.5 to 
3.5 in. thick. In some of the furnaces the ore is rabbled every 17 seconds; 
in others every 35 seconds. 

One man attends a furnace; he usually has a helper to wheel the coal 
and ashes. One such helper attends several furmuKjs. 

The cost of roasting ranges from 45 to 55 cents per ton, estimated 
approximately as follows, per 100 tons: 


Coal, 12 tons, at .$2.00 per ton, 

$24.00 

Three furnacemen, S-hour sliiftK, at $2 . 50, 

7 . 50 

Coal and ash trammer, 

2.25 

General repairs, oil, water, (;tc., 

5.00 

Power, 

5.00 

Interest on investment, at G ptm cent., 

3 . 50 

Cost per 100 tons, 

$47.2r> 

Cost per ton, 

0.472i 


To this must be added the pro2>ortional shai’o of administration, etc., 
which will bring the cost per ton about 50 cents. Tluisc estimates in- 
clude cooling and conveying. 

The furnaces do not give much trouble. It is not unusual to liavc a 
100”ton furnace in contimious operation for months without a serious 
shut-down and no appreciable repairs; with occasional changing of the 
rabbles the roasting proceeds indefinitely. 

The accumulation of the dust in the dust chaml)erB is usually from 
1.5 to 2.5 per cent.; in some mills it is re-treated with the ore, while in 
others it is shipped to the smelters, after l)ri(pietting. The dust is not 
well roasted, and contains much undecomposed pyrites, and is high in 
soluble sulphates. When the dust is treated in the mills, it is automatic- 
ally again fed, with the ore, into the furnaces, and in this way worked 
up with regular charges. 

The average value of the dust is higher than that of the ore; this is 
doubtless due to the fact that in crushing, the sulphides and tellurides 
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are pulverized more than the quartz. There has not been any appreci- 
able loss found by volatilization in oxidizing roasting. 

Roasting Arsenical Sulphide Ore at the Golden Gate Mill, Mercur, 
Utah. — The ore contains about 5 per cent, sulphur, and from 4 to 6 per 
cent, arsenic, and small quantities of lead and copper. It is crushed to 
10 mesh, when it is delivered to the roasters. The gold in the ore is 
found in minute cleavage planes and crevices, and is easily attacked by 
the cyanide solution; for this reason, crushing to 10 mesh is required 
only for the sake of quick and complete roasting, and not for the purpose 
of facilitating the leaching. 

The plant consists of four coal-fired roasters, 125 ft. long by 12 1 /2 ft. 
wide. Each furnace consists of a single roasting hearth, whose roof 
serves as a cooling hearth. The ore is fed into the lower level, and is 
moved continuously in one direction by travelling rabbles. Escaping 
from the end, it is elevated to the upper hearth, where it again travels the 
length of the furnace, exposed to the air. 

The ore occupies al^oiit four liours in roasting, and the same length 
of time in cooling. Its volatile componcuits are reduced from 5 per cent, 
sulphur, and 4 to G |)er cent, arsenic, in tiie raw state, to 0.6 per cent, sul- 
phur and 0.8 peu’ cent, arsenic in the roasted ore. 

During the year ending June 30, 1906, four roasters were in operation 
for 4G days, five roasters for 237 (hiys, and six roasters for 82 days. 
The total num]>er of roaster days was, therefore, 1861. As 126,358 tons 
of sul])hide ore wtuxi roastcHl, tluj average work was 68 tons per roaster 
per day. The operation costs, including jnaintenance and repairs, for 
the year 1906 were as follows: 



Total 

P(‘r ton 

Coiil, 

$73,769 

$0,583 

Labor, 

33,736 

0.267 

Power and oi lier it (‘ins, 

18,544 

0.146 


$126,039 

$0,998 


Slack coal is burned which costs S5.25 delivered. The labor consists 
largcdy of firemen who receive $2.75 for (ught hours. ^ 

Roasting of Casilas Concentrates, Victoria, Australia.- — -The following 
is an average analysis of the comumtrate: Lead, 4.48 per cent.; zinc, 
5.26 per cent.; iron, 31.65 per cent.; arsenic, 15.16 per cent.; sulphur 
31.63 per cent.; unestirnated, 11.91 per cent.; the copper rarely exceeded 
1 or 2 per cent. It was usual to make from 15 to 20 per cent, concen- 
trate, running from 3 to 4 oz. of gold, and containing over 50 percent, 
of the total gold value of the ore crushed. The tailings from the stamp 
battery and concentration tables are cyanided, and the concentrate 
chlorinated. 

^E. andM.J., Nov. 10, 1906. 



TYPICAL EXAMPLES OF ROASTING 


141 ) 


It was found that short hand-rabbled reverbcratories were unsuited 
for roasting the concentrate on account of the charge fusing too easily. 
As the galena could not all be separated, some form of mechanical 
furnace was necessary, and two Edwards' mechanical furnaces with 
60-ft. hearths were installed. One man per shift of 8 hours, attended 
to all the work of the two furnaces, witli a weekly cai)acity of 30 to 35 tons 
each. The furnace man charged the hopj^ers, stoked the two furnac(\s, 
and looked after the engine and dynamo for lighting the works. The 
fume was lead into a brick flue 300 ft. long and 5 ft. by 4. ft. inside, with 
a 40-ft. iron stack 2 1/2 ft. in diameter. 

The height of the top of the stack above tlie hearth of tlie furnaces 
was 70 ft.; small dust chambers were built between the ends of the fur- 
nace and the flue. The iron stack did not suffer at all, and acted as a,n 
excellent arsenic condenser. It was necessary to chain, the whole length 
of the flue every three months; about 30 tons of deposit being ol;)ta,ined. 

The flue dust for the first 100 ft. consisted i)artially of roasted con- 
centrate and arsenic soot, assaying about 3 oz. in gold ])er ton, or al)out 
the same value as the concentrate roastcid, fldui last 200 ft. of the flue 
contained arsenic soot comparatively free from concentral-e, and assayed 
7 1/2 dwt. The arsenic at the base of the stack had to be cleared out 
weekly. 

Just before the finish of the roast, 1 to 1 1 /2 peu' (amt. salt was a, (ideal 
to the concentrate in order to ol)tain a sweet roast. N(.)(wid(vn{au)f loss 
of gold by volatilization could be obtaiiu'd. 

The roasted ore discharged into a push convi^yor wluhdi carnhul the 
ore to a steel bucket elevator; this took it to a cooling l)in ov(a* tlu^ treat- 
ment vats. Dry wood was used as find; any green sti(!ks g(ddlng in 
generally had the effect of throwing back the (‘Juirg(,j to nuigiud/ic oxid(a 
Badly roasted ore set hard in tlui vats, whih^ roa,st(aI ore did not. fllie 
ore in the hand-rabbled furmices always ;roast(‘d bhude; Avhihi in the 
mechanical furnaces, it roasted choc.olab^ c.olor, but n(W(U’ bright hmI. 
The brighter the color obtaitunl in roasting, the hotter tlu^ roast; although 
the magnet failed to show any diff(ir(mc(n Pra(tti(uilly no zinc was s(‘nt 
to the flue, the heat not Iming high enough; it was in the roast(‘(l ore 
mostly as sulphate or basic sulphate. 

During the chlorination treatment, the zino wm almost all hmehed 
out by the sulphuric acid, but the amount of zinc seeined to luwe no 
influence on the extraction, otluu' than to prolong tluj pendod, through 
packing of the charge in the vats as the zirnt IcjicIuhI out. The chlorine 
solution used had a strength of 0.09 to 1.2 pen* (umt. of cJilorim^, and from 
0.5 to 1 per cent, sulphuric acid, over and abovc^ thc', amount riupiinal to 
combine with the beaching powder. The copper gave very little troubhn 

An extraction of 85 per cent, was obtained on well-roasted ore, the 
loss amounting to 1 to 2 dwt. per ton crushed. NumeronH f»YnArtTr»Anfi« 
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were carried out to try and better the extraction, but with no success, 
although they led to a steady decrease of the cost of chemicals. Fine 
grinding after roasting gave no better results. The cost of roasting the 
concentrate at the rate of 54 tons per week, was as follows: 


Wages, $0 . 946 

Fuel, 1.066 

Repairs, 0 . 040 

General charges, 0.446 


Cost per ton roasted, S2 . 498 


Notwithstanding the extremely refractory nature of the concentrate, 
over 50 per cent, was saved by roasting and chlorinating, over the cost 
of shipping to the smelters. The concentrate sometimes carried as high 
as 20 per cent. zinc. 

Roasting at Kalgoorlie.^ — The ore is crushed dry in Krupp ball or Griffin 
mills and roasted in Edwards or Merton furnaces. At the Ivalgurli mine 
the nine No. 5 Krupp mills, eight of which arc in continuous use, are capable 
of putting through between 1 0,000 and 1 1 ,000 tons per month. These mills 
maintain a duty of 45 tons per 24 hours wlicn crushing through a 37- 
mesh screen. The load of balls weighs about 2300 lb.; one 18-lb. ball is 
added every day to compensate for wear and tear. The mills run at 
25 r. p. m. and require, including their share of counter-shaft friction 
and dust fans, 25 h. p. The cost for crushing through 37-mesh screen 
at the South Kalgurli is 79 cents per ton; the cost at the Associated 
and Associated Northern, crushing through 27-me8h screen in ball mills, 
is 59 cents. 

The following table gives the essential facts for roasting at the Kal- 
goorlic mines: 

ROASTING FURNACES AT KALGOORLIE MINES 


Min© 

Type of 
furnace 

Area of 
hearth 

Average 
tonnage 
(24 hours) 

Sulphur 
in or© 
per cent. 

Fuel con- 
sumption 
per cent, 
(wood) 

Cost 

per 

ton 

Associated Northern 

Merton.. . . 

mo gq. ft. 

23 

5.0 

12.2 

61.0^ 

Kalgurli 

Edwards... 

70X9 ft. 6 in. 

23 

4.2 

13.0 

68.4^ 

ICalgtirli , , r - - - . 

Edwards... 

63 X 9 ft. 0 in. 

22 

4.2 

13.0 


Perseverene© 

Edwards... 

121 X 13 ft. 6 in. 

93 

4.0 

11.0 

65.80 

Great Boulder 

Edwards... 

64X6 ft. 6 m. 

2f> 

3.5 

9.2 

69.20 

Great Boulder 

Merton.. . . 

422 «q. ft. 

25 

3.5 

9.2 

59.20 

South Kalgurli 

Merton.. . . 

617 sq. ft. 

36 

3.8 

10.6 

64.00 

Associated 

1 

Merton.. . . 

445 sq. ft. 

20 

I 

6,1 

10.0 

63.00 


Fuel represents about 50 per cent, of tb© total roasting costs. 


'Gerard W. WiUiams, E. and M. J. Feb. 16, 1908. 


TYPICAL PXAMPLEA OP POAPTINC irA 

Recently ^ at the Associntod, the snuilhu* Mca-ton funuKH^s ha,V(^ beam re- 
placed by the larger sized Edwards furnaces. Tlui sulpluir in the ore 
averages about 5.5 per cent. The ore gets a dull red heat about the 
fifth rabble from the end. The furnaces average about 95 tons per day 
each. They are motor driven, and use 6 amperes at 550 volts each* 
(4.4 h. p.). The end fire-boxes arc not used much, just two or three 
logs are kept burning to warm the air passing through the fire-bars. The 
middle fire-boxes are fired heavily, and the sulpluir continues to burn 
till the fourth rabble from the discharge, namely 22 ft. from the end, 
and then discharges quite cool. Fuel consumption averages 11 per cent, 
of the roasted ore. The flue temperature is 700° F. One man attends 
two furnaces. The roasting cost is GO cents pen- ton. About 81,000 
tons of ore and concentrate arc roasted at Kalgoorlie monthly. 

W. von Bernewitz, Mining and Scientific Press, May 13, 10 IT. 
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CHAPTER VIII 

PROPERTIES AND SOLUBILITIES OF COPPER 


Copper. — Atomic weight, G3.G; specific gravity, 8.94. Weight per 
cubic foot: cast copper, 542 lb.; rolled copper, 555 lb. Weight per 
cu. in., 0.32 lb. Copper occurs cliemically as cuprous conipcuiiuls, 
formula CuA\ or cupric compounds, formula CuA^^, where A^ is a 
univalent or monad acid radical, and A‘‘ a Invalent or dya,d acid radi(‘.al. 
As a monad atom, copper has a chemical eciuivalent of (>3.0, as a dyad 
element 31.8. The amounts of copper dissolvi^d into or de])()fsited from 
a cupric or cuprous salt are proportional to the chemical eipiivahmt of 
copper in these two states and to the anqxires flowing. Assuming 
that one ampere lilierates elcctrolytically ().()()(}()103G grm. of hydrogen 
per second, the amount of coppen* do])()sitcd by tlui i)assagc of one am|)ere 
will be as follows: 


(hiprous (tornpouiul.s 


(Uipric coinpoundH 


One ampere per second 
One ampere per m‘niit(5 
One ampere per hour . . . 

One ampere per day 

One ampere pcjr year . . . 


0.()()()r»r)S{) grm. 
0.0:{953 grin. 
2,:i72 grm. 
50,02 grrn. 

20.78 kUognn. 


0.0002205 grm. 
0.01077 grm. 

I . 180 grm. 

28. dO grm. 

10.20 kilogrm. 


The melting-point of c<op])cr is lOSO"^ C. It. is a nul m(d;al, but thin 
sheets transmit a greenish-] )luc light, and it. also shows lh(‘ same gnuinish- 
blue tint when in a molten, condition. Of tlui nad-als in ordinary use, 
only gold and silver cxcecjd it in malleability. In ductility it is inhvrior 
to iron and cannot be so readily drawn into (‘xecMulingly fine wire. Al- 
though it ranks next to iron in tenacity, its wir<i lauirs only about half 
the weight which an iron wire of the sam(‘. si/.e would Hujyport. As a 
conductor of heat it is surpasHcd only by gold. Next to silver it is the 
best conductor of clectri(;ity. 

Dry air has no acstion upon it; in moist air it Ixusomes (toated with a 
film of oxide which protects it from furtluu- ad.ion of air or of water. It 
forms a number of very important alloys wiili other metals; with tin 
it forms bronze; with zinc and sometimes with small amounts of lead and 
tin, it forms brass; and with nickel and zinc it forms German silver. 



156 


HYDROMETALLURGY OF COPPER 


Copper which has become hardened by mechanical work may be 
again made malleable by heating. The boiling-point of copper is about 
2000"^ C. Molten copper has a great tendency to dissolve hydrogen, 
carbonic oxide, and sulphur dioxide, which it evolves again on solidi- 
fying. Aluminum, cobalt, nickel, zinc, cadmium, tungsten, molyb- 
denum and iron, are more or less readily dissolved by it, as also are cup- 
rous oxide, sulphide, and phosphide, and the arsenides, arsenates, anti- 
monides and antimonates. 

On heating copper to a low red heat, far below its melting point, it 
becomes covered with a film or scale wdiich consists of a mixture of the 
cuprous and cupric oxides. 

Copper exhibits a greater affinity for sulphur than do any of the other 
metals. It also unites directly with the metalloids, excepting hydrogen, 
nitrogen, and carbon. 

The best solvents for copper arc nitric acid, concentrated sulphuric 
acid, and aqua regia. Hydrochloric acid and dilute sulphuric acid only 
dissolve the metal wlien air or some other oxidizing substance is present; 
under these conditions it is more readily soluble in dilute hydrochloric 
acid than in dilute sul])huric acid. 

Cupric chloride acts on metallic copper to produce cuprous chloride: 
Cu + CuC4-2CuCi. 

Cuprous oxide has the property of mixing with molten copper in all 
proportions. Small amounts of cuprous oxide have no injurious effect 
upon it, but large c[uantities make it cold-short, and when a certain 
limit is exceedcal, also red-short. Copper containing al)oiit 2 per cent, 
cuprous oxide is still as fit for ordinary use as ordinary cast-refined 
copper. 

Cathode copper is exceedingly pure, usually about 99.93 per cent, 
copper, with hydrogem as the chief im])uriiy. Obj (actionable cathode 
impurities are of two classc^s — those whitdi d(‘|)ress the electrical conduc- 
tivity and th,osc whicdi make the nud al britth^-. Arsenic and antimony 
rcx>resent the first class; tcdlurium and haul tlie secjond. Good cathode 
copper should show but a few thousandtiis of a per cent, of arsenic and 
antimony. Experiments have indicated that it takes but 0.0013 per 
cent, of arsenic or 0.0071 per cent, of antimony to lower the conduc- 
tivity 1 per cent. Any conductivity troubhxs in electrolytic copper 
can almost invariably l)e traced to thcj pn^sence of undue amounts of one 
or both of these elenuuits. Impuritic^s of the brittk^-making class are 
rarely met with, and if prcisent are due t.o nuadianical contamination 
of the cathode, either in the bath or in the subsequent furnace treatment. 

Influence of Impurities on the Properties of Copper. 

/Irscmc and Antimomj.—llam'pOj in 1892, found that 0.5 per cent, 
arsenic produces no bad results and that even when the percentage was 
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increased to 1 per cent, only a slight degree of red-shortness, but no cold- 
shortness could be noticed, lie found that copper with 0.8 per cent, 
arsenic could be drawn into the finest wire. Stahl, in 188G, stated that 
a small percentage of arsenic prevents copper from becoming porous. 
Hiorns, in 1906, showed that co2)pcr with arsenic up to 0.4 per cent, was 
very malleable when cold; that with 0.2 percent, each of arsenic and anti- 
mony, the same is true; and that arsenic in the presence of antimony 
makes the copper more malleable than it is with antimony alone, though 
antimony when not above 0.2 per cent, only slightly im])airs the mal- 
leability of copper. He adds that arsenic in copper is highly l)cnefi(vial 
because it deoxidizes cuprous oxide, which tends to destroy the mallea- 
bility of copper. Johnson, in 1906, stated tliat cast copper with 0.5 per 



0 1 8 
PeroGatttge of Araoixlo 

Fia. 43.— Conductivity diagmiu of puns clcictrolytic (!(>pp('r with arHOnic and antimony 

m alloys. 

cent, arsenic has a tensile strength of 10 long tons p(H* square inch, and 
a 24 per cent, elongation. After forging, the tetpsile stnuigth wuh rained 
to 12.75 tons, and the elongation to ;}5 jter (unit. Upon rolling, the 
tensile strength became 14 tons and the elongation 48 per cent.; and 
finally upon being highly wrought and cold drawn, the ttiiisilo strength 
of the same cast copper was raised to 15.9 tons, and the eloniration varied 
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from 24 to 50 per cent, while the specific gravity was increased from 
8.83 for copper in the cast state to 8.866 when the metal was wrought. 

H. S. Hiorns and S. Lamb^ prepared alloys consisting of pure elec- 
trolytic copper and arsenic and antimony in quantities varying from 
0.05 to 3.5 per cent. These alloys were drawn into wires 0.0325 in. in 
diameter, and were tested for conductivity, shown by Fig. 43. 

A. H. Hiorns found that with between 0.5 and 1 per cent, of arsenic 
the malleability seemed to diminish, but with over 1 per cent, and up to 
2 and 3 per cent, arsenic, the copper rolled perfectly and was harder than 
pure copper. With less than 0.5 per cent., arsenic the copper should 
be less malleable when cooled slowly than when cooled quickly. With 
a certain small quantity of arsenic introduced into copper the first small 
portions appear to act by reducing the cuprous oxide, the remainder 
retaining the metallic form and toughening the copper. 

Arsenic invariably improves the forging properties where added to 
impure copper. Arsenical copper is largely specified for in materials, 
such as locomotive and boiler tubes, which are required to withstand high 
temperatures, since mechanically hardened arsenical copper is not 
softened at so low an annealing temperature as pure electrolytic copper, 
which has undergone the same treatment. 

Arsenic appears to improve the hot-working properties of copper 
vitiated by traces of bismuth. 

Bismuth , — Bismuth is the most injurious impurity in copper, as 
very small quantities render the copper unworkable. According to 
Hampe, copper containing as little as 0.02 per cent, of bismuth is red- 
short, and 0.05 per cent., cold-short. With 0.1 per cent, the copper 
crumbles under the hammer at a red heat. The presence of certain 
proportions of arsenic and antimony somewhat counteracts the tend- 
ency of bismuth to produce cold-shortness. 

Lead, — ^Lead can be melted with copper in all proportions, but the 
greater part of it can be liquated out of the alloy by a gentle heat. Lead 
is to be found in all ordinary commercial copper, but it is not desirable 
in any proportion over 0.10 per cent., and the lower the proportion 
under 0.10 per cent, the better. According to Hampers experiments, 
0.15 per cent, of lead does not affect the malleability of copper in any 
way; with 0.3 per cent, of lead it becomes slightly red-short, and with 
0.4 per cent, slightly cold-short. With 1 per cent, it is unworkable. 
The lead reduces the strength, ductility and toughness of copper. 
The solvent action of copper for lead is very small. The addition of 
lead to copper has the effect of lowering the affinity of copper for 
reducing gases. 

Iron . — ^Iron forms no true alloy with copper; small admixtures of 
iron such as are contained in many varieties of copper have no injurious 

»Min. Ind., Vol. XVIII, 1909. 
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effects upon it. It occurs in refined copper in the merest traces, which are 
quite harmless. When all the sulphur has gone from a charge of copper, 
in refining, a sample taken from the furnace shows an unblistered surface, 
and is said to be ^'set-copper.” At this point all the iron has been elimi- 
nated except the merest trace. 

Iron acts as a deoxidizer when added to copper. Copper containing 
only 1 per cent, iron is rendered feebly magnetic, will forge well at a red 
heat, is quite malleable, tough and strong, even in the presence of arsenic. 
It lacks the fluidity of pure copper when poured at the same temperature. 

Nickel , — ^Nickel alloys with copper in all proportions. Traces 
of nickel in copper are beneficial, imparting strength and toughness. 
Nickel must be kept low if arsenic is present, 0.10 per cent, being quite 
sufficient to harden arsenical copper which has to withstand severe 
working. Below 0.05 per cent., even in the presence of arsenic, its 
effect upon the physical properties, excepting electrical conductivity, 
may be considered insignificant. 

Cobalt — ^Little is known about the influence of this metal on copper. 
According to F. Johnson, it toughens and strengthens copper when 
present up to at least 1 per cent, without impairing its hot-working 
qualities. Probably it acts very similar to nickel, conferring greater 
durability at high temperatures, while toughening, hardening, and 
strengthening the copper in the cold. Cobalt, in the low percentages in 
which it is found in copper, is, if anything, beneficial, and, moreover, it 
does not disagree with arsenic to so great an extent as nickel does. 

Tin , — ^Tin hardens copper, more than any other element. It occurs 
very rarely in commercial copper being readily eliminated during the 
process of reducing the copper. Low percentages of tin improve the 
tensile strength, ductility and resistance to corrosion, and maintain 
these improvements at high temperatures, but the natural softness of 
copper and its red color are both materially removed. Its malleability 
is also decreased. 

Tellurium , — A few thousandths of 1 per cent, of tellurium renders 
copper appreciably red-short; but very little is known of the effect of 
tellurium in commercial copper. 

Sulphur rarely occurs in more than harmless traces in commercial 
copper, yet it may occur to the extent of 0.03 per cent. (SO 2 ) in electro- 
lytic copper having a conductivity of 102.2 per cent. It derives its 
origin from the incomplete removal of sulphur from the sulphate liquor 
in which the copper cathodes were deposited, and from the sulphurous 
gases from the fuel of the reverberatory refining furnace where it is 
partially dissolved by the molten metal, as they pass over it on their way 
to the flue. In the first case the sulphate would probably be reduced to 
sulphide by the reducing action of poling, and in the second case, sulphur 
dioxide would be absorbed and retained as such. Cuprous sulphide is a 
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highly undesirable constituent of copper, and its presence in any alloy 
would be detrimental. Hampe finds that copper with 0.25 per cent, 
sulphur is still moderately malleable, but with 0.5 per cent, it becomes 
very cold-short, although not red-short. 

Carbon is not at all absorbed by copper. 

Pure copper or copper of more than usual purity, assaying, say, 99.8 
per cent., is inferior to impure copper in mechanical properties, dura- 
bility, and resistance to corrosion. 

Copper, when cast in moulds, has the property of rising and becoming 
porous, Sound castings can only be obtained by means of special 
precautions, such as pouring at the lowest possible temperature, or 
pouring in an atmosphere of carbon dioxide. 

Cupric Carbonate. — The normal carbonate has not been obtained. 
The two most important basic carbonates are: 

( 1 ) CuC03,Cu( 0H)2, which occurs native as malachite. 

( 2 ) 2CuC03,Cu( 0H)2, which occurs native as azurite. 

The first is obtained when sodium carbonate is added to a solution 
of copper sulphate. When these carbonates are slowly heated to 220 ° C. 
the carbonate is slowly converted into black cupric oxide. 

The carbonates of copper are readily soluble in dilute sulphuric, hydro- 
chloric, sulphurous and nitric acids. They are also readily soluble in 
ammonia and ammonia salts. They are partially soluble in sodium ^ 
carbonate and in solutions of potassium cyanide. 

Cupric Nitrate, Cu(N03),3H20. — Cupric nitrate may be obtained by 
the action of nitric acid upon cupric oxide, hydroxide, carbonate, or 
the metal itself. Copper is soluble in nitric acid, in all of its miner alogical 
combinations. Sulphides are decomposed, as solution takes place. 

Cupric nitrate is very easily soluble in water. 

Cupric Oxide, CuO (Black Oxide of Copper). — Cupric oxide occurs in 
nature as the rather rare mineral, tenorite. It may be prepared artifi- 
cially by continued ignition of copper in contact with air; by exposing 
cupric sulphate to an intense red heat, or the carbonate, nitrate, or 
hydroxide to a moderate heat. 

When caustic potash or soda is added by drops to a boiling solution 
of cupric salts till the acid is saturated the whole of the copper is precipi- 
tated as anhydrous black oxide, which may be freed from potash or 
soda by boiling with water. 

Cupric oxide is a black powder, which rapidly absorbs moisture 
from the air. When heated it first cakes together and finally fuses, 
giving up part of its oxygen, and leaving a residue consisting of Cu0,2Cu20. 
When heated with charcoal, or in a stream of carbon monoxide, marsh 
gas or hydrogen, it is reduced to the metallic state. 
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When the cupric oxide is gently heated with metallic copper, it is 
converted into cuprous oxide. 

A mixture of cupric oxide with excess of sulphur is resolved at a red 
heat into cuprous sulphide; sulphur dioxide and a trace of cupric sulphate. 
If on the contrary, the cupric oxide is in excess, cuprous oxide and cupric 
sulphate are produced, and with only a trace of sulphur dioxide, except- 
ing that when the heat is raised to the point at which the cupric sulphate 
is decomposed. 

Cupric oxide has a strong affinity for acids, dissolving in them easily. 
It is soluble in sulphurous acid. It is insoluble in ammonia, but dissolves 
on the addition of a few drops of acid or ammonium carbonate. It is 
insoluble in dilute, but soluble in warm concentrated caustic soda or 
potash. Ferrous chloride converts cupric oxide into cuprous and cupric 
chlorides, with the formation of ferric oxide. Ferric chloride converts 
cupric oxide into cupric chloride, with the formation of ferric oxide. 

Cupric oxide is reduced to cuprous oxide at 1050® C. 

Cuprous Oxide, CU2O (Red Oxide of Copper). — Cuprous oxide occurs 
native as cuprite, the red oxide of copper. It is formed when finely 
divided copper is gently heated in a current of air or when a mixture of 
cuprous chloride and sodium carbonate is gently heated in a covered 
crucible. 

Cuprous oxide is reduced to the metallic stage by gentle ignition with 
charcoal or hydrogen. 

Cuprous oxide is insoluble in water; it is converted into cuprous chloride 
by hydrochloric acid. Nitric acid converts it into cupric nitrate with 
the evolution of oxide of nitrogen. When acted upon by dilute sulphuric 
acid, it is partly reduced to metallic copper and partly oxidized into 
copper sulphate. When heated with strong acid it is entirely oxidized 
to sulphate. 

When copper is oxidized with a considerable quantity of oxygen at 
a high temperature, it forms cupric oxide (CuO). If the ignition be 
carried further, cuprous oxide, Cu^O, may be formed from the CuO. 
The cuprous oxide is not as readily soluble as the cupric oxide, and it 
may be partly for this reason that copper sulphides roasted at a high 
temperature do not give a good extraction of the contained copper. 

Cuprous oxide fuses at a rod heat. 

When heated with acids coprous oxide forms a solution of a cupric 
salt and metallic copper; for example, 

Cu^O + H^SO , = CuSO 4 + Cu + H2O. 

However, strong hydrochloric acid does not deposit metallic copper 
on dissolving cuprous oxide, which is due to the fact that the cuprous 
chloride formed is soluble in strong hydrochloric acid. 

Cupric Sulphate, CuS04,5H20. — Copper sulphate may be formed 
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by applying dUute sulphuric acid to copper oxide, when the sulphate 
crystallizes out on cooling; by heating metallic copper with concentrated 
sulphuric acid, whereupon sulphur dioxide is evolved, and anhydrous 
cupric sulphate is precipitated as a white powder, mixed with a brown 
mass of cuprous and cupric sulphides; on digesting this mass with hot 
water, the cupric sulphate dissolves, and may be crystallized out of the 
solution. 

On roasting, the sulphide ores of copper are converted into cupric 
oxide and cupric sulphate. When water is applied to the roasted ore, 
the copper sulphate is dissolved; by evaporation of the water, the copper 
sulphate crystallizes out of the solution. 

At 100° C. copper sulphate loses 4 molecules of water, and at 200° it 
loses all its water. At a bright red heat it decomposes into copper 
oxide and sulphuric acid. When heated with carbon at a dark red heat 
the copper is separated, with the formation of carbonic acid and sul- 
phur dioxide. 

From solutions of copper sulphate, the copper is precipitated by means 
of iron, aluminum, and zinc, as metallic copper; with liydrogen sulphide or 
the sulphide of the alkali metals, it is precipitated as the cupric sulphide 
(CuS) . By electrolysis, copper is deposited from copper sulphate solutions 
at the cathode and acid liberated at the anodm If at the anode, ferrous 
sulphate is present in the solution, it is convertcid into ferric sulphate. 

The crystallized copper sulphate di.ssolves in 31/2 parts of cold water, 
and in much smaller quantities of boiling water. 


SOLUBILITY OF COPPER SULPHATE 
In 100 parts of water, at the following temperatures 


Temperature 

Parts CuS(3^ 

Per cuuit. copper 

C. 

F. 


I 

0 

32.0 

14.15 

4.00 

10 

50.0 

17.50 

4.95 

20 

68.0 

20,53 

5.81 

30 

86.0 

1 24.34 

6.88 

40 

104.0 

28.50 

8.07 

50 

122.0 

33.31 

9.43 

60 

140.0 

39.01 

11.04 

70 

158.0 

45.74 

12.93 

80 

176.0 

54.53 

14.33 

90 

194.0 

64.35 

18.23 

100 

212.0 

75.22 

21.28 


Ah of the chlorides have the faculty of converting copper sulphate, in 
solution, into the chloride. Hydrochloric acid dissolves Conner sulnhate 
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with considerable reduction of temperature, forming a green liquid, 
which when evaporated forms crystals of cupric chloride. 

When excess of ammonia is added to a solution of copper sulphate, 
a deep blue solution is formed having the composition CuS04,H20,4NH3. 

Cupric and ferrous sulphates cannot be entirely separated by crystal- 
lization, as a solution of these salts deposits a double sulphate of the two 
metals. If, however, the amount of iron present is comparatively small, 
the first crop of crystals ol)taiued is moderately pure copper sulphate. 

Cupric Chloride, CuCl^.— Cui)ric chloride may be obtained in the 
anhydrous condition ])y the combustion of copper in an atmosphere of 
chlorine gas; copper filings or copper foil introduced into dry chlorine 
takes fire spontaneously, and burns with a greenish light, producing 
a mixture of cupric and cu|)rous (ihlorides, and if the chlorine is in excess 
the cuprous chloride is slowly converted into the cupric chloride. It 
is also produced when compounds of copper are roasted with salt or 
other chlorides. 

In the wet way it is formed when ooppcir is dissolved in nitro-hydro- 
chloric acid (aqua regia), or when cupric oxide, carbonate, or hydroxide 
are dissolved in hydro(dilori(i acid. Cupric chloride is readily soluble 
in water, forming a de(ip gn^cm solution, which on being largely diluted, 
turns blue. The salt (u*yst<allizes in green rhombic prisms, with 21130, 
giving the composition of tlu^ crystals as GuCL, 21130. When heated 
to 200° C. it loses its wat(‘,r of (jrystallization, and at a dull red heat is 
converted into cuprous diloridc^, with evolution of (jhlorine. 

With copper oxidcjs (m|)ri<5 chloride comliines in various proportions 
to form oxychloridc^s. From solutions of cupric chloride metallic copper 
is precipitated by iron, aluminum, and zinc. Witli hydrogen sulphide 
and the sulphidcis of tlu^ alkali nuitals and (iarths the copper is precipi- 
tated as cupric siil|)hi(l(^, ((hiS). <lalcium hydroxide, or lime, precipi- 
tates copper as the hydroxith*, whidi on luuiting, is c.oTivertcd into the 
oxide. I^y passitig stilphiir dioxides into a solution of cupric chloride, the 
copper is precipitatcMl as tin^ cuprous chIorid(i, 

By electrolysis, copptu* is d(q)osit(^(l from cupri(‘. chloride solutions 
at the cathode, whikj chloriiui is lilxu-ated at the anode. 


SOLUBILITY OF CUPRIC CITLORIDE IN WATER 
In 100 parts of watcT, at th<i following toinperaturoB 


Temperature 

Parts CuCJlg 

Per cent, copper 

C. 

F. 



0 

32 

70.6 

33 . 6 per cent. 

17 

: 62 

76.2 

! 

36 . 3 per cent. 
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100 parts of water, saturated with CuCla, contains, at the following 
temperatures: 


Temperature 

Parts CuClg 

Per cent, copper 

C. 

F. 



0 

32 

41.4 

19.7 per cent. 

17.0 

62 

43.1 

20.4 per cent. 

31.5 

88 

: 44.6 

21 . 2 per cent. 


100 grm. of water dissolve 121.4 grm. of CUCI 2 + 2 H 2 O, at 16.1° C. 

Cupric chloride is not decomposed by cold sulphuric acid. 

It is soluble in solutions of ammonium chloride, and very soluble in 
concentrated solutions of common salt. It is less soluble in concentrated 
solutions of hydrochloric acid than in dilute solutions. 

With ammonia cupric chloride forms a deep blue solution having the 
composition CuCl2,4NH3,H20. 

Cuprous Chloride, CU 2 CI 2 . — Cuprous chloride may be obtained by 
dissolving cuprous oxide in hydrochloric acid. It is more readily pre- 
pared by boiling a solution of cupric chloride in hydrochloric acid, with 
copper foil or copper turnings. The nascent hydrogen, liberated by the 
action of hydrochloric acid upon the copper, reduces the cupric chloride to 
the cuprous chloride. The liquid is then poured into water, which causes 
the precipitation of the cuprous chloride as a white crystalline powder. 
A mixture of zinc dust and copper oxide added to strong hydrochloric 
acid, also yields cuprous chloride, the nascent hydrogen in this case 
being derived from the zinc, and this causes the reduction of cupric 
chloride formed by the action of the acid upon the cupric oxide. 

Cuprous chloride may be formed by heating the cupric chloride to 
a dull red heat. 

Cuprous chloride melts somewhat below a dull red heat, and when 
slowly cooled, solidifies in a translucent yellow mass. In closed vessels 
it does not volatilize, even when strongly heated, but if heated in the 
air it goes off in white vapor. When exposed to the air in a dry state 
it slowly absorbs moisture and turns green; in the moist state it is 
quickly turned into a green mass, of oxychloride of copper, CuCla,- 
3 Cu 0,4H20. This compound occurs native as the mineral Atacamite. 

Cupric chloride, CuClj, when ignited gives cuprous chloride, and 
therefore cuprous chloride is always formed when copper enters into 
reaction with chlorine at a high temperature. The green solution of 
cupric chloride is decolorized by metallic copper, cuprous chloride being 
formed; but this reaction is only accomplished with ease when the solu- 



PROPERTIES AND SOLUBILITIES OF (HJPPER 


1 05 

tion is very concentrated and in the presence of an ex(;ess of hydrochloric 
acid to dissolve the cuprous chloride. The addition of water precipitat(‘s 
cuprous chloride. 

Many reducing agents which are capable of taking up iialf the oxygen 
from cupric oxide are able, in the presence of hydrocliloric acad, to form 
cuprous chloride; sulphur dioxide, acts in this maniun'. Tlu^ usual 
method of preparing cuprous chloride consists in passing sulphur dioxide 
into a strong solution of cupric chloride. 

Cuprous chloride forms colorless cu])ic crystals whic.h are insolul)le 
in water. Under the action of oxidizing agents, it i)ass(‘s into cupric 
salts and it absorbs oxygen from the moist air, forming cu]>ri(^ oxychloride. 

From solutions of cuprous chloride, metallic, copjxu* is prcanpitatcMl 
by iron, aluminum, and zinc. Hydrogcm sul])hide and the sulj)hi(i(‘s 
of the alkali metals and earths, precijiitate the (a>])])(‘r as cupric 
sulphide, CuS. 

By electrolysis, copper is deposited at the cathode, whih^ chlorines is 
liberated at the anode. If univalent salts nvo pnnscmt in tln^ anodes 
solution, these will be converted into Invahmt sali.s by i,ln‘ acl-ion of the 
liberated chlorine. 

Milk of lime, added to a hot solution of cuprous cldoimh^, pr(a;ipitnt(\s 
the copper as cuprous oxide. 

Cuprous chloride is insolu))lc in water, but dissolvers in hydrocthloric 
acid, ammonia, and alkaline chlorides. 


SOLUBILITY OF CUPROUS CIILORIDK IN SOLUl’IONS OF HODIUM 

CIILOIMDIC 


Saturated sodium chloride solution dinKolvcrH at 


Degrees C. 

Dc^grees F. 

(Uiprom chloride, 

M(*talli<; (hi 

90 

194 

10.9 per e(ud. 

10.70 p(*r cent. 

40 

104 

11.9 per cent. 

7 . 05 I'X'f C(ud.. 

11 

51.8 

8 . 9 per e(ud . 

5.73 pc'r cent. 

15 per cent, NaCl-Aq. dissolve's at 

90 

194 i 

10.3 per cent. 

6.02 per cent. 

40 

104 

6.0 per cent. 

3 . 80 per 

14 

57.2 1 

1 

3 . 6 per cent. 

2.31 per cent. 


i i 
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5 per cent. NaCl~Aq. dissolves at 



90 

194 

I 

2.6 per cent. 

1 . 67 per cent. 


40 

104 

1 . 1 per cent. 

0.71 per cent. 


Cuprous chloride, when melted, conducts the electric current very- 
well, copper separating out as fine leaves. Tile melt cannot be heated 
to the melting point of copper and the copper obtained liquid, because 
the cuprous chloride vaporizes too easily. 

Cupric Silicate, CuSi03 4-2H20. — Silicate of copper occurs native as 
chrysocolla, CuSi03 4-2H20, and dioptase, CuH2Si04. Chrysocolla is 
soluble in dilute hydrochloric acid, leaving a residue of silica. Dioptase 
is soluble in nitric and hydrochloric acids, or ammonia, with separation 
of gelatinous silica. It is not attacked by caustic alkalies. 

Cuprous Sulphide, CU2S. — There are two sulphides of copper, corre- 
sponding to the two oxides; the cuprous sulphide, CU2S, and the cupric 
sulphide, CuS. 

The cuprous sulphide, when heated at a comparatively low temper- 
ature, loses one-half of its sulphur and is converted into the cupric 
sulphide. 

Cuprous sulphide occurs in nature as copper glance, or chalcocite. 
It is produced artificially when copper burns in sulphur vapor, or when 
an excess of copper filings is heated with sulphur. 

It is not decomposed out of contact with the air; but if air has access 
to it, combustion takes place, and sulphur trioxide and cupric oxide are 
produced. When heated to redness in a current of aqueous vapor, it is 
but slightly decomposed, but at a white heat, it yields large quantities of 
hydrogen and hydrogen sulphide together wuth sublimed sulphur, and 
the copper is completely reduced to the metallic state. It is not altered 
by ignition in a stream of hydrogen. 

It is not decomposed by chlorine gas at ordinary temperatures; very 
slowly when heated. It dissolves with difficulty in strong boiling hydro- 
chloric acid. In heated nitric acid it dissolves with separation of sulphur, 
whereas cold nitric acid dissolves one-half the copper, and leaves the 
cupric sulphide. Cuprous sulpludc, ignited with cuprous oxide, is 
easily converted into sulphur dioxide and copper or cuprous oxide. It 
is not dissolved by sulphuric acid. It is slowly acted upon by solutions 
of ferric chloride and of ferric sulphate. Cuprous sulphide melts at 
1127^ G. 

Cupric Sulphide, CuS. — Cupric sulphide is met with in nature as the 
mineral covelite (blue copper). It is obtained artificially when either 
copper or cuprous sulphide is heated with sulphur to a temperature not 
beyond 114® C.; so obtained, the compound is blue. As a black precip- 
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itate, it is formed when hydrogen sulphide is passed into solutions of 
cupric salts. 

Treated with hot nitric acid the cop})er is oxidizcul, part of the ciopper 
is converted into sulphate and the rest separated, so i.hat the resulting 
solution contains both nitrate and sulphate of copp(jr. Hot coin^entrated 
hydrochloric acid slowly converts it into cupric cliloihh;, with evolution 
of hydrogen sulphide and separation of sulphur. Cupiic sulpliide decom- 
poses silver salts, the copper dissolving and tlie sulphidti of silver being 
precipitated. It is insoluble in dilute suljduiric. a(ud, caustic alkalies, and 
fixed alkaline sulphides. It is slightly solu])hi in ajnmoniuin sul|)}iide. 

Cupric Hydroxide, Cu(OH)2- — Cupric hydroxide is a ]>al(i blue pre- 
cipitate produced when sodium or potassium hydroxide is added in 
excess to a solution of a co})])er salt. The compound, Avlieii wa,sh(Ml, 
may be dried at 100° C., without parting with wa,t(U’; but if iho liquid 
in which it is precipitated ]>e ])oiled, the compound bhuvkcms, a.nd is con- 
verted into a hydrate having the com])osition (hi(()ll)2, 2(hi(). Cupric 
hydroxide dissolves in ammonia, forming a d(M‘p ])Iue li(iuid. It is very 
soluble in acids. It is changed, l)y sta,nding, to tlui blacdc compound, 
Cu 302(0H)2 and by boiling to cupric*, oxidcq CuO. 

Ammonium carbonate, like ammonium liydroxidcq pr(‘ci|>ital(^s the 
cupric hydroxide and redissohn^s it to a l)Iu(* solut-ion. Ca,rbonat<*s of 
the fixed alkali metals, as potassium a.nd sodium (airbonai.(q precij>itai.(^ 
the greenish-blue carbonate, CiuCOlO.CO.,, which is c,onv<‘r(,ed by boiling 
to the black, basic hydroxichq and finally to tin* bla.ck oxides 

From the blue ammoniacnl solutions a (a)nc(ud,ra((al solution of a 
fixed alkali precipitates the blue hydroxichq cha,ng(Ml on boiling (,0 the 
black oxide, CuO. 

Cupric hydroxide is soluble in a soluHon of ca.m^ suga.r in the pr(‘H(mce 
of an alkali or alkaline earth. It is sonunvluit s(dub}(^ in tlui caustic 
alkalies, and very soluble in ammonia. 

Copper Cyanides.^ cyanich^ forms, witJi copptu*, the yel- 

lowish-grcen cupric cyanickq (hiCCJN)., soluhh^ in (‘xcc^ss, wlih tint forma 
tion of the double cyanide, 2K(hN, Cu((’N).., uns(,a,bhq cluuiging in wln^h^ 
or in part to cuprous cyanichx TIu^ poluissium (cyanide also dissoKans 
cupric oxide, hydr(>xi<ie, car])onat.(‘, sulphide*, efc,, cluinging rapidly to 
cuprous cyanide in solution in tiu^ alkali cyu-niehx 

Potassium fcrrocyanhh^ ])nuupital,(ss cupric. f<vrro(5ya,nichq reddish^ 
brown, insoluble in adds, decompostid by alkali(*s; a veu’y (hhVatc^ t^^st for 
copper (1 to 200,000) ; forming in highly dilutee solutions a reddish 
coloration. 

Solubility of Sulphur Dioxide, 8()2.”Sulphur dioxid(^ is largely 
used in the hydrornetallurigcal nudhods of extnicting copper from its 
ores.^ Lunge gives the percentage of a saturated solution of sulphur 
dioxide in water, as follows: 


168 


HYDROMETALLURGY OF COPPER 


Temperature, degrees 

Percentage 

c. ! 

F. 

SO2 

20 

68 

8 . 6 per cent. 

30 

86 

7 . 4 per cent. 

40 

104 

6 . 1 per cent. 

50 

122 

4 . 9 per cent. 

60 

140 

3 . 7 per cent. 

70 

158 

2 . 6 per cent. 

80 

176 

1 . 7 per cent. 

90 

194 

0 . 9 per cent. 

100 

212 

0 . 1 per cent. 


The normal quantity of SO 2 in burner-gas from brimstone burners 
is 11.23 per cent, by volume and 8.75 per cent, from burning pyrities. 

Sulphur dioxide from roasting furnaces is much more dilute; muffle 
furnaces give a very much more concentrated gas than reverberatories. 


SOLUBILITY OF SO^ IN WATER (Watts Dictionary) 
Absorbed by 1 grm. of water at 760 mm. 


Temperature, degrees C. 

Grm. SO2 

C.c. SO 

8 

0.168 

58.7 

12 

0.142 

49.9 

16 

0.121 

42.2 

20 

0.104 

36.4 

24 

0.092 

32.3 

28 

0.083 

28.9 

32 

0.073 

25.7 

36 

0.065 

22.8 

40 1 

0.058 

20.4 

44 

0.053 

18.4 

48 

0.047 

16.4 

50 

0.045 

15.4 


One liter of SOj weighs 2.86336 grm. 1 cu. ft. weighs 0.1787 lb. 
With water, sulphur dioxide does not form sulphurous acid proper, 
H 2 SO 3 . The sulphur dioxide dissolves pretty freely in water, and this 
solution behaves in every way as if it contained the real acid, HjSOg. 

The solution of SO 2 by volume in water at various temperatures is 
as follows: 

1 volume of water at 0 ® C. — 32° F. dissolves 79.789 volumes SO 2 
1 volume of water at 20° C. — 68 ° F. dissolves 39.374 volumes SO 2 
1 volume of water at 40° C. — 104° F. dissolves 18.766 volumes SO 2 



CHAPTER IX 

HYDROMETALLURGICAL PROCESSES 


Classification and General Consideration. — Ilydroinetallurgical proc- 
esses for the extraction of copper from its ores or matte may be (*on- 
sidered as: 

Purely Chemical and 
Electrolytic. 

In the purely chemical processes the co])])er is dissolved and precip- 
itated by chemical reagents; in the electrolytic, ])ro(‘.esses, the copp(a* is 
dissolved chemically but the precipitation is (dT(ic,ted (ihuitrolytically, 
accompanied, usually, by regeneration of th(^ solv(uit. 

Chemical Processes.— These may be classilied as follows, l)as(Ml most ly 
on the solvent employed : 

Alkali procesH(‘H, 

Sulphite prexu^sses. 

Sulphate proexissi^s, 

Chloride proccBBCH. 

Nitric acid, by means of which the copper would l)e dissolved as the 
nitrate or sulphate, has been frequently Hugge^stijd as a solvent of eopptir 
from its ores. The fixation of atmosphciric nitj'ogcui by (jle.ctricity, offers 
a cheap way of producing nitric acid at the mines. There are, how(^v(U-, 
inherent difficulties to the use of nitric acid which makes its ai)plication 
questionable. Nitric acid is the Ix^st known solvent of c(q)per, l>ut it is 
also an excellent solvent of all the impurities in the ore, so that insur- 
mountable difficulties may bo expected, both in the solution of tlui coppe^r 
and in its precipitation, if regeneration of the solvent is desired. 

The applicability of any solvent process to the extractioii of copper, 
depends fundamentally on the character of the ons. All acids, likedy to 
be used in a solvent process, react more or less witli other elements; 
when so consumed the acids arc tmavailable for useful work, and fre- 
quently bring into solution ingredients whieii are positively harmful 
The elements most detrimental to acid processes are: 

Calcium, 

Magnesium, 

Aluminum, 

Zinc, 

Manganese. 
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To these may be added iron, arsenic, antimony, bismuth; but these ele- 
ments need not necessarily be fatal to an acid process, no matter in what 
proportion they occur in the ore. 

If lime, magnesia, zinc or manganese occur in the ore in large quanti- 
ties, acid processes are not applicable. What the limit is, can only be 
determined by direct experiment. Chemical analysis of the ore, while 
instructive, cannot be relied upon to determine the applicability of an 
acid process. Lime, for example, is only detrimental in certain combina- 
tions, as the oxide or carbonate. In many ores where sulphuric acid has 
been a factor in the deposition or in the oxidation of the vein matter, 
much of the calcium will be found as sulphate, which is not particularly 
injurious either in a sulphate, sulphite or chloride process. All of this 
calcium, however, would usually be estimated as lime (CaO) , although it 
occurs as sulphate (CaSOJ. Magnesia is highly injurious as oxide and 
carbonate, but magnesia is not as widely distributed as lime, in injurious 
amounts. 

Alumina is widely distributed, but its presence, while undesirable, is 
not necessarily particularly inj urious. Much depends on its mineralogical 
combinations. In Cripple Creek, sulphuric acid has been used for many 
years in connection with the chlorination of those ores, which contain 
from 15 to 20 per cent, alumina. Zinc, especially as the oxide, is in- 
jurious, because it is readily soluble in acids, and as yet no practicable 
method has been found for its economic precipitation. Electrolytic 
precipitation offers a plausible way of recovering the zinc, and is in 
practical use in several plants, but its general adoption is by no means 
assured. 

Many oxidized ores are improved by roasting. All sulphide ores, with 
the possible exception of certain chalcocite deposits, should be roasted 
before chemical treatment, no matter wdiat the nature of the chemical 
treatment may be. 

The treatment of raw sulphide ores has never met with much encour- 
agement, and the cause for this is reasonable enough. The highly oxi- 
dized ore is in the best possible condition for the application of any 
solvent, and it is difficult to conceive of any oxidizing process, or sub- 
stitution for an oxidizing process, cheaper and more satisfactory than 
roasting. It is true that low grade ores have been treated in Spain and 
Portugal by natural weathering, and for a while with ferric chloride or 
ferric sulphate, but the use of ferric chloride has long since been aban- 
doned, and the slow process of weathering, in which years are required 
to get an adequate extraction, is perhaps nowhere else applicable. 

It may be considered, therefore, in hydrometallurgical processes, 
that the application of the solvent is to the oxidized ores. 

Many of the metal compounds as found either in raw or roasted orC;, 
have the faculty of reducing the ferric to the ferrous salts, the respective 
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metals being thereby brought into solution. This is notably the case 
with ferric sulphate, FeaCSOJ 3, and ferric chloride, FeClg. Both of these 
substances have been used, and have been extensively experimented with 
in the reduction of copper ores, by hydronietallurgical methods. The 
leaching method at present used at Ilio Tinto, Spain, is based mostly 
on the solvent action of ferric sulphate, and the Doetsch process, formerly 
used there extensively, was based on the solvent action of ferric chloride. 



CHAPTER X 
CHEMICAL PROCESSES 
ALEALI PROCESSES 

The alkali processes have not met with much encouragement in the 
hydrometallurgical extraction of copper from its ores. This is due largely 
to the slow and low solubility of copper in a solution of the alkalies. 
Ammonia and ammonium compounds are about the only alkaline solvents 
which have been tried on a commercial scale. The oxides and carbon- 
ates of copper are quite readily soluble in ammonia but the solution should 
take place in tight receptacles as the volatility of the gas in aqueous 
solution is quite perceptible. If ammonium carbonate is used on cal- 
careous ores there should be no sulphates present, because they would 
be decomposed into ammonium sulphate and calcium carbonate. 

After the copper is dissolved the ammoniacal copper solution is 
boiled, and the black oxide of copper precipitated. The ammonia vapor 
boiled off may be condensed in towers and used on another charge of ore. 
The recovery of the ammonia from the salts formed in the boiled-out 
solution may be accomplished by means of lime and steam. 

According to Schnabel ^ experiments hitherto tried in using ammonia or 
ammonium carbonate have failed because ammonia-tight vessels were not 
employed, and because the precipitation of the copper, for which iron 
cannot be employed, was performed by means of hydrogen sulphide, 
calcium sulphide, or barium sulphide. By the use of iron vessels, how- 
ever, loss of ammonia may be avoided, but such apparatus has proved 
complicated and expensive to operate. The oxides of zinc, nickel, cobalt, 
etc., are also soluble in ammonia or ammonium carbonate. 

Sodium carbonate has been suggested as a solvent of copper from 
oxide- and carbonate ores, but the solubility of copper in sodium carbon- 
ate is so unsatisfactory that experiments along these lines have not been 
encouraging. Copper is also slightly soluble in concentrated solutions 
of the caustic alkalies. Schneider ^ purposes increasing this solubility by 
the addition of glycerin. 

The Mosher -Ludlow Ammonia -cyanide Process. ® — ^This process depends 
upon the principle that ammonia, NHg, at the ordinary temperature 
forms soluble, stable compounds with the oxides, hydroxides or carbon- 
ates of copper, zinc, nickel, or cobalt, such as CuCNHa)^. 

^Handbook of Metallurgy, Vol. I, p. 204. 

""U. S. patent 932, 643, Aug. 31, 1909. 

^Electrochemical and Metallurgical Industry, March 1908. 
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These ammonia metal compounds are readily dissolved by water 
containing a small excess of ammonia over that required to form the 
soluble compound. This is the leaching step of the process. 

The step of precipitation depends on the fact that those soluble 
ammonia-metal compounds break up with great ease at the boiling 
point of water into the oxide or hydrate of the metal, which almost 
instantly settles as a heavy precipitate, while the ammonia, originally 
combined, is set free to be reabsorbed in cold water or boiled-out solution 
for use over and over again. 



Fk;. 44. — -Moser-Ludlow anurxonia-cyanide process. Diagrammatic sketch. 


Where the percentage of copper is large the aim is to first extract as 
much of the copper as possible by plain ammonia, and to leave the gold 
and silver values to be subsequently extracted with a weaker ammonia 
solution containing fractional percentages of potassium cyanide. But 
instead of working it in this way it may be preferable in many instances 
to add the cyanide at once to the ammonia and to simultaneously ex- 
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tract all the values, including copper, gold, and silver, with an ammoni- 
acal solution containing one to several pounds of cyanide per ton. The 
object aimed at is to reduce the comsumption of cyanide to a minimum 
in the presence of copper, thereby permitting the minute amounts of 
potassium cyanide added to the ammonia solution to simultaneously 
extract the gold and silver values. 

To recover the metallic values from the ammonia-cyanide copper-gold- 
silver bearing solution, it is passed through a continuous boiling-out still, 
to precipitate the copper as CuO. The boiled-out solution holding the 
gold and silver values is agitated with the least amount of zinc dust, or 
passed through zinc boxes to recover such gold and silver as the boiled- 
out solution may contain. 

For treating the ore containing considerable percentages of ammonia- 
soluble metals, the chlorination barrel, without lead lining is recommended. 
In the treatment of slimes, agitation in a closed conical tank, with subse- 
quent filtering with any of the well-known filters. 

On account of the powerful oxidizing action of a solution of cupric 
oxide (CuO) in ammonia, unoxidized silver minerals may be attacked and 
finally dissolved in the raw state, obtaining in this manner a percentage 
of extraction out of this character of mill product entirely impossible by 
ordinary cyanide methods. 

It is of the greatest importance to have a thoroughly ammonia-tight 
equipment, especially in the second half of the process, which comprises 
the boiling out of the ammonia solution. This apparatus is designed so 
that the boiling out is carried on continuously, and it may in some way be 
compared to the artificial ice and cold storage apparatus in which the 
ammonia water is boiled in a still, the ammonia gas distilled off, liquefied 
under pressure by powerful pumps, then permitted to expand, by which 
the cooling effect is produced, and finally reabsorbed in cold water to 
commence the same cycle of action over and over again. 

In the Moshex-Ludlow continuous boiling-out apparatus the in- 
coming cold ammonia-copper solution is brought in contact with the 
heat of the ammonia-steam vapor in the cooler and condenser and in the 
heat exchanger on its way to the boiling-out still, with the overflowing 
boiled-out solution. In this way an important part of the heat applied 
to boil out the ammonia is passed to the incoming solution, thus saving 
steam and fuel. 

The ammonia-copper solution is taken from the copper-solution tank 
and pumped through the inner coil of a double-pipe counter-current 
cooler; thence it passes to the heat exchanger, thence to the boiling-out 
still, thence into the exchanger, where part of its heat is passed to the 
incoming solution; thence to the settling tanks, where the precipitate, 
which is almost pure copper oxide, is allowed to settle, the liquid being 
drawn off into the sump tanks. From the sump tanks the boiled-out 
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solution is pumped through a cooler up io the boiled-out solution tank. 
From there it is used as needed to make fresh ammonia solution, and as 
wash water. 

The ammonia and steam vapor from the boiling-out still passes up to 
the cooler and condenser into the annular spaces between the two pipes, 
parting with a fraction of its heat to the incoming ammonia-copper 
solution in the inner pipe. From the cooler and condenser the ammonia 
water flows into the ammonia solution tanks where it is diluted and is 
ready to be sent to the leaching system. A supply of cold water is kept 
flowing over the outside of the cooler and condenser and the boiled-out 
solution cooler. The precipitate is removed from the settling tank from 
time to time, as required. 

It is estimated that the heat reciuired in boiling out 2 per cent, ammo- 
nia-copper solution on a 100-ton (24-hour) basis, and precipitating the 
copper as black oxide =79.9 per cent, copper, is 51,083,000 b. t. u. of 
which, however, according to expcnience, 00 per cent, is saved by the 
heat exchanger, so that the iu‘t h(‘at retpiired amounts to 34,333,000 
b. t. u. In practice this r(H|uired heat c.an be ()l)tained from 1 1/2 to 2 
tons of good coal, and with a boikir of from 35 to 40 h. p. 

SULPHITE PROCESSES 

A solution of stilphur dioxides in wat(U' may be regarded as sulphur- 
ous acid, (II2SO3) . Copper oxide and carbonat(i are soluble in sulphurous 
acid, the sulpliidc is not. 

Various methods have been HUggested for the practical use of sulphur- 
ous acid as a solvent of copper from its ores. All of these refer more di- 
rectly to the precipitation of the copp<‘r from the BulphurouB acid 
solution, rather than the solution of tlui copper from the ore. Copper 
sulphite is not soluble in wat(^r, but is I'oadily soluble in excess of sulp- 
hurous acid. Copper Bulplut<^ is an unHtal)lo salt, which is slowly 
changed into a mixture of (uipro-cupric sulphite and cupric sulphate, as 
shown by the following reactions: 

(1) sGuO+saOs^acuSOg. 

(2) SCuSOa + CuO ^Cu^SO^CuSOa + CUSO4. 

The cupro-cupric sulphite is only very slightly soluble in water, but 
is quite soluble in sulphurous acid or in a solution of copper sulphate. 

Neill Process. — This process consists, first in subjecting the ore to the 
action of sulphurous acid to dissolve the copper, and second, in heating 
the solution to drive off the (3xccs8 of sulphurous acid and precipitate the 
copper as sulphite. 

If the ore to be treated is a sulphide it has to be roasted; if the ore is 
an oxide or carbonate it may be treated without roasting. The sulphur 
dioxide 
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from roasting sulphide ores, which if they are copper ores, may be subse- 
quently treated in the oxidized condition with the sulphur dioxide obtained 
from the roasting. 

There is less sulphur required to extract the copper as sulphite than as 
sulphate. It takes 98 lb. of sulphuric acid to dissolve 63 lb. of copper, as 
sulphate, while it only takes 32 lb. of sulphur, in the form of sul- 
phurous acid, to dissolve the same amount of copper — 63 lb. The sul- 
phurous acid may be applied either as a gas or in solution, or a combi- 
nation of both. 

In practice, the ore is crushed to a suitable degree of fineness and 
charged into agitation tanks, and agitating the ore in contact with the 
sulphurous acid; or the agitation may be effected in tanks having a conical 
bottom, by forcing sulphurous acid mixed with more or less air, through the 
pulp. In this way the sulphurous acid is applied to the ore while air 
does the agitating. The tanks, or agitators, in which the ore is treated 
may be closed at the top, so that the excess of gas issuing from the first 
tank may be passed through the second and so on until the sulphur 
dioxide is entirely consumed. 

The clear solution, after being separated from the ore by either filtra- 
tion or decantation, is heated to a temperature sufficient to drive out the 
excess of sulphurous acid, thereby precipitating the copper in the form 
of a bright-red and very heavy powder (cupro-cupric sulphite). The 
cupro-cupric sulphite settles at once to the bottom of the precipitating 
tank, and the supernatant liquor may be decanted or siphoned from it, 
or the sulphite may be recovered from the solution by filtration. The 
excess of sulphurous acid, driven out of the solution by heating, may be 
recovered for re-use. The cupro-cupric sulphite after it has been removed 
from the tanks, filtered and dried, contains about 50 per cent, metallic 
copper. This precipitate may be heated in an oxidizing atmosphere in 
a furnace and the empric oxide produced, or it may be melted in a reducing 
atmosphere, producing cuprous sulphide, which may then be reduced to 
metallic copper by the ordinary converter process. 

With ores suited to the process, the copper will pass into solution in 
from 1 to 4 hours. When the copper is dissolved by sulphurous acid, 
only very small amounts of other metals are dissolved, and the ultimate 
product is a very pure copper. 

Should any copper exist in the solution as sulphate, due either to 
improper roasting, or of sulphur trioxide in the sulphurous acid, this 
sulphate of copper will not be precipitated by boiling the solution, but 
must be precipitated in some other way. This may be done either with 
iron or by electrolysis. 

If a solution of cupro-cupric sulphite is heated at a high temperature 
(about 200® C.) and subjected to a pressure of about 25 lb., sulphur diox- 
ide is liberated, and there is formed copper sulphate and metallic copper. 
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About one-half of the copper may in this way be precipitated in the 
metallic condition. 

Heill Process at Coconino, Arizona^ According to Jennings, the orig- 
inal method as carried out at Coconino, consisted in treating the ore, 
with sulphur dioxide, in a series of upright tanks 8 ft. in diameter and 
18 ft. high. About 5 tons of ore were introduced into the tank half filled 
with water, and gas was forced, by means of a compressor, into this mix- 
ture of ore and water, the excess gas passing from the first tank to a 
similar one, also charged with ore and water, and thence to a third tank, 
where it was supposed the absorption would bo complete. The gas was 
not all used up owing to the difficulty of absorbing sulphur dioxide in 
water when mixed with large volumes of air. When the ore in the lower 
tank was leached, an operation which usually took 10 hours' time, the 
solution and the leached ore together were dropped into a pressure tank 
and thence passed into a large filter press. The filter press was a con- 
stant source of trouble as it was impossible to find a material for the 
filters which would stand any length of time. 

The solution from the filter press was heated by waste steam from the 
crushing plant and 60 per cent, of the copper precipitated as cupro-cupric 
sulphite. 

Jennings gives the weak points of the Neill process as (^arri<Ml out at 
Coconino, as: 1. The attempt to saturate the water by simply 1)1 owing 
the gas through it; 2. the poor agitation <)l)tain(Hl and the conscujucmt 
length of time required to leach a (5omparatively small amount of onq 
3, the dilute solution obtained, 1 per cent, being the maximum amount 
of copper which can be held in solution by an excaiss of 4. tlu^ ease 
with which the copper separates from these solutions, both in the leaching 
tanks, the pressure tank and the filter tanks, forming the (mpro-cnipric 
precipitate throughout the mass of leached ore, and which it was iinpos- 
sible to redivssolve with Bulphurous acid, and 5. the difficulty of treating 
the remaining 40 per cent, of the coi)pcr in solution as sulphate aft(‘r the 
60 per cent, has been precipitated. Scrap iron was not (dieaply available. 

It is evident that many of the w(uik points here enumerated by 
Jennings should not present much difficulty in a well desigiuHl plant. 
The effective absorption of gases in liquids, has long been satisfactorily 
accomplished in the chemical industry, l)y some meuius of sulxlivision; 
agitation is accomplished successfully on an enormous B<5ale in the (cyanide 
process, where it is necessary to bring air in contact with the ore and 
cyanide solution, to effect extraction. In experiments made by Jemfings^ 
on the same, or similar copper-bearing triassic sandstones of northern 
Arizona, he succeeded in getting an extraction of 95 per cent, of the 
copper, with sulphur dioxide, by leaching the ore 4 hours. The low 
copper content of the solutions was due to the small excess of sulphur 

^E. P. Jennings, E. and M, J., Jan. 18, 1908. 
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dioxide. In later experiments^ Mr. Jennings succeeded in. getting as 
liigh as 2 per cent, copper in the solutions. 

It is evident that, so far as the operations at Coconino are concerned, 
it leaves the process where it was before the plant was erected. It 
demonstrated neither technical failure nor success. 

Neill, the inventor of the process, in experiments carried out in Salt 
Lake City^ succeeded in getting a complete extraction of Coconino ore, 
having 11 per cent, copper, in 6 hours. He readily obtained a solution 
carrying 2.5 per cent, copper, and so long as the solution remained cool 
no difficulty was experienced with the copper separating out in the sands, 
or in washing the sands. 

An experimental plant, installed at the smelter of the Montana Ore 
Purchasing Company at Butte, by Neill, gave interesting results. The 
material was roasted to about 2 per cent, sulphur content. It was then 
placed in a wooden barrel 6 ft. in diameter and 12 ft. long, and SO 2 gas 
from the roasting furnace was blown through the hollow trunions and 
brought into more intimate contact with the pulp by means of wooden 
paddles arranged on the sides and periphery of the barrel. Two tons of 
roasted ore were charged with 5 tons of water, and after passing the 
dilute roasting gases through the barrel for 6 or 8 hours the copper was 
successfully extracted. The barrel was dumped into a settling tank, the 
solution drawn off by percolation, and the sands washed in the same way. 
This washing was difficult on account of the ferric oxide, which being 
flocculent, remained in suspension and formed a layer upon the top of 
the sands which it was difficult to percolate. The sands after this incom- 
plete wash averaged 0.8 per cent, copper, but average samples taken from 
the tank and washed by agitation and decantation, gave final tails of 
0.31 per cent, copper. The heads averaged 3.15 per cent., showing an 
extraction of 90 per cent. The solution was heated in a wooden tank by 
a steam coil, and the precipitates, which were slightly contaminated with 
alumina, on account of the poor filtration, amounted to 64 per cent, of the 
copper extracted. The remainder was precipitated upon iron in a splash 
tank and the final solution turned to waste carried only traces of copper. 

The amount of iron consumed was exceedingly small and the reaction 
very quick, owing to the fact that the solution came from the steam 
tanks at nearly the boiling point. 

There were 35 tons of material treated, and the figured cost of the 
operation compared favorably with anything being done at that time or 
now in the Butte district. The process was not adopted because at that 
time the silver content of the company’s ore was high and could not be 
saved by this method, and the space necessary for the plant was not 
available. 

arid M. J., April 18, 1908. 

^E, and M, March 14, 1908. 
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Van Arsdale Process.^ — The van Arsdale process consists in prccix)itat~ 
ing copper from cupric sulphate solutions and simultaneously producing 
sulphuric acid, by adding to solutions of cupric sulpha, to, suli)hur dioxide 
and heating with or without pressure. The copper is thrown down in 
solid form which may be subsequently treated, while the regenerated 
acid is applied to the ore for the extraction of more copper. 

The ore must contain the copper as oxide or (;arbonate. The original 
solution for leaching must contain cui)ric sulphate and sliould contain 
ferrous sulphate. The precipitation will X)r()ce(xl with cupric sulphate 
alone, resulting in the formation of a salt of copp{ir and tlui formation of 
sulphuric acid; by the addition of ferrous sulj>hate the reaction ])roce(M]s 
better, and by the use of a proper j)roportion of fm*i*oiis sulpha, te there is 
obtained a precipitate of metallic cox3i)er. In ])i-actice the solutions 
will always contain more or less ferrous sulphat<^ dissolved fi-om tiui ores 
treated. Good results arc obtained from a solution containing ajqu’oxi- 
mately 10 per cent, each of cupric sulphate and [(u-rous sul|)hate. To 
precipitate the copi)er, sulphur dioxide is a,])i>Ii(Hl to thti; solution to 
nearly saturation. The solution is tlum heated to mairly the boiling 
temperature, wherciq^on a reaction takers ])]a(;e, resulling in iho pi'ecijuta- 
tion of a part of the copper contained in the solution (ui,h(a* as nud.allit*. 
copper or compounds of cojqxu-, or both, togid.lnu' witJi t,h(^ forma, tion of 
sulphuric acid. The amount of c()|)per |)r(.‘<d})ita,t<^d will vaiy with, the 
composition of the solution and also with iho })r(nsHuro umh'r whi(di it 
is heated. When the solution, is luaitcMl umUu’ ])r(\ssurci a,n inc-n^asiMl 
precipitation of copj)er is obtaincid, amoiud.ing to about, 50 ixa* (mnt. of 
the copper originally i)rcsent, and a,n aimmnt of sulphuim*, n,<nd r<y(m(^r- 
ated amounting to about doitbh^ that TUHasssiuy to iMslissolvn^ from oi‘(^ 
the amount of copper i)r(ici])ita,t(5d, Tlui ])i-o(a‘ss being cycli<‘, therc^ is 
no particular harm in returning to tlu^ or<i a, soIut,ion (amtaining a con- 
siderable amount of unprecipitabal copptu* sulpha, tea 

The chemical reactions involved in tlui prorasss may Ixj given an: 

(1) 3CuS04 + 38(),y4ll/)-:(hiS(),,(!u,,S(), 

(2) Cu2S05,CuS03 + 411 M ) ^ - Gii -b 2( luH< ) ^ 1 21 LS( ), •} 2S(), ■ ] ■ 21 1 ,0. 

At atmospheric pressure and in the cold, a sol u1, ion of cuj)ri (5 siil|>lmto 
saturated with suljrhur dioxide, aft<n* standing for som<^ time, <l(q>osits a 
small amount of cupro-cupric sul|)hite. On luaat-ing such a solution to 
boiling and at the same time passing sul})hur dioxide througli it, a larger 
amount of copper is precipitated, resulting linally in a prcci|)itate of 
metallic copper, according to (apiation No. 2. Wlum the solution, how- 
ever, is saturated with sulphur dioxide and placed in a closed vesBcd and 
heated under pressure, the yield of precipitated c()|)per is increased to 
E. and M,J., June, 1903: U. S. Patent, March 31. 1903. No. 723,949. 



180 


HYDROMETALLURGY OF COPPER 


40 and 50 per cent, of the copper originally present, and free acid is 
formed according to the above equations. 

The degree of heat and pressure required for the second operation 
are not high, it being only necessary to heat the saturated solution to 
nearly 100° C., the pressure produced being about 30 lb. to the square 
inch. A lead lined steel tank may be used for this purpose. 

Jumau found^ the following relations of temperature and proportion 
of copper precipitated from a copper sulphate solution saturated with 
sulphurous acid, having originally 25 grm. of copper sulphate per liter. 


Temperatures 
140° C. 
155° a, 
167° C.,. 
190° C., 


Copper precipitated 
47 per cent. 

62 per cent. 

65 per cent. 

79 per cent. 


SULPHATE PROCESSES. 

Ordinarily only oxidized ores such as the oxides and carbonates, can 
be treated so as to dissolve the copper as sulphate. Sulphides are not 
usually amenable, practically, to direct treatment. Roasting is desir- 
able. After the ore is roasted the copper should be in the form of oxide 
and sulphate, although in improperly roasted ore sulphides may still be 
present. The roasted material is then treated the same as naturally oc- 
curring oxidized ores. The copper may be dissolved as sulphate either by 

Sulphuric acid, or 
Metal sulphates, 

such as the ferric sulphate. The acid, however, is the solvent most uni- 
versally employed. 

If iron is used as the precipitant, as it usually is, the sulphuric acid 
process consists essentially of applying dilute sulphuric acid to the oxi- 
dized ores of copper, which reacts with the oxide of copper as follows: 

CuO + H^SO 4 = CuSO , + H,0. 

The copper sulphate thus formed is filtered from the ore and precipitated 
with iron, thus: 

CuS 04 +Fe = Cu-fFeS 04 , 

the iron and the copper changing places. The copper is precipitated 
while the iron goes into solution as ferrous sulphate. From this reaction 
it will be seen that, theoretically, it takes 98 lb. of sulphuric acid to 
dissolve 63.6 lb. of copper, and 56 lb. of iron to precipitate 63.6 lb. of 
copper; 1.56 lb. of sulphuric acid to dissolve 1 lb. of copper and 0.88 lb. 
of iron to precipitate it. These equivalents are for pure acid and pure 
^ 17 . S. Patent 930,967, Aug. 10, X 9 O 9 , 
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iron. Commercial sulphuric acid always contains nior(» or less water and 
other impurities, and in iron also, there is more oi- less foreign mattcn-. 
So it may be safely assumed that it will take 1.75 lb. of ordinary comnun’- 
cial sulphuric acid to dissolve 1 lb. of copper and 0.95 lb. of iron to pr<icipi“ 
tate a pound of copper. 

The problem of the commercial treatment of ores by sulphuri(; acid 
is, however, much more complicated than the sim])lc }>r()cess here out, lined. 
If the ore contains foreign elements attackable by suli)iiuric acid, tin* 
acid consumption may be excessive, and if the cop[)er sai[)hate solution 
entering the precipitation tanks contains free a(dd or feri-ic sul{)hatc t,Iu? 
consumption of iron for precipitation will also 1)0 excessive. 

To determine, therefore, whether any ore may be economicially 
treated by a sulphate process, it is necessary to make a direc^t t(\st on tlui 
ore, and thus ascertain the consumption of acid. Tlu^ iron for ])r(‘- 
cipitation may be taken, in practice, at 1.5 to 2.0 lb. of sc, rap iron ixa- 
pound of copper produced. These factors Ixung known, close ai)proxi~ 
mations can usually be made as to the commercial apj)Iic.al)ility of 
process in its simplest form. 

Many improvements on the above simph^ ))rocess luive for tluur l)aHiH 
the cheapening of the solution of the copper, hut most of tlie improv(^» 
ments are based on the precipitation and n^gemeratibn of t.ln^ solvtud,. 
If iron is used as the precipitant in the sim])le procuvss as outlined, ilu^ 
acid is lost, so that new acid has to l)e supj)li<‘d to t,lu^ on^ at (w(U'y (^y(‘l(» 
of solution. This being the case, sulphuric acid installs, tions may Ix^ 
made at the mine using the sulphide ore for tlu^ produ<‘,tion of the n(X'.(‘S» 
sary sulphur dioxide, for the manufactuni of a(ud. Tlu^ or<% aften* roust- 
ing, may be treated with the acid so producxxi, t.o (^xtrac,t l,h(‘ copptn*, 
which is in the form of oxide or sulphate and is nuidily anuMuibh* to the 
process. 

Sulphide of copper, in ores, may be convtx’Uxl into sulphate^ by tlu^ 
action of ferric sulphate, thus: 

XH2SO 4 + Cu^S + 2^02(804) jj == CuSO ^ H" ^ F oH( ) ^ {- H d* x 1 1 4, 

in which x represents an indeterminate amount of sulphuric, acid. 
Ferric sulphate has not been used indepcuKUmily for m(‘t,h(xl of (txtiiieriou 
on roasted oxidized ores, owing to its slow atdion. In imptvrbx^ily 
roasted ore its presence may be benehcinl by promoting the formation of 
sulphate from the remaining undocomposcxl Hulphid(‘H, should any lx‘ 
present. 

Sulphur dioxide, steam, and nitrous fumes liavci Ixxm ap})li(xl to ort^ 
to dissolve the copper as vsulphate; this amounts, (‘ss^mtially, to tin? 
manufacture of sulphuric acid within the ore masH. 

In the application of sulphuric acid for the extract, ion of <‘.op|xu', 
cupric oxide, azurite, malachite, and arsenate of copper dissolve reaflily; 
phosphate of witTi a-t Iaocj /liOUkitn 
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oxide, CU 2 O), is not readily soluble, but if moistened with acid and left 
exposed to the air for some time, it is transformed into the cupric oxide, 
and is then readily soluble. 

According to Schnabel^ at Stadtberg in Westphalia and at Linz on 
the Rhine, ores containing 1 to 2 per cent, of copper were sulphated by 
means of sulphur dioxide steam and nitrous gases, and then leached. 
At Stadtberg the ores were azurite and malachite disseminated through 
the quartzose shist, at Linz, at the Stern works, copper carbonates and 
phosphates. The leaching vessels were tanks of brickwork 3 ft. 3 in. 
deep. Above the bottom proper these had a false bottom of grating, 
made of fire brick or other acid proof material, supported by bricks on 
edge. The ores were piled up on this grating, the gases being conducted 
underneath it. The gases were respectively generated by roasting iron 
pyrites in shaft furnaces and zinc blende in mufHe furnaces, and by treat- 
ing Chili niter with sulphuric acid. The sulphur dioxide, nitrous fumes, 
and steam together formed sulphuric acid which converted the copper 
compounds into sulphates. After 8 to 10 days the copper sulphate was 
dissolved out by means of water or of the acid mother liquor left after 
precipitating the copper. The leaching was so conducted that fresh water 
or the copper-free mother liquor was allowed to attack the most com- 
pletely exhausted ore, while the almost saturated solution was run on to 
fresh ore until is was fully saturated (22 to 26*^ B). The liquor that 
drained away ran into receivers, whence it was again pumped on to the 
ores. This process, which extracted the copper down to 1/4 per cent., 
has long ago been abandoned. At Stadtberg sulphuric acid was re- 
placed by the cheaper hydrochloric acid as long as the supply of oxi- 
dized ores lasted. 

Acid Plants at the Mine. — Conditions are frequently ideal for acid 
manufacture, for leaching purposes, at the mines, if suitable sulphide ore 
is available. If the mine produces both sulphide and oxide ores, the 
sulphides may be roasted and the sulphurous gases converted into acid 
which may then be used to leach both the oxidized and roasted ores. 
If the sulphide ore is low in sulphur, concentration will usually be neces- 
sary to get a material sufficiently high in sulphur to make a gas suitable 
for sulphuric acid manufacture. 

The sulphide ore, or concentrates are usually roasted in a furnace of 
the McDougal type, and the sulphur dioxide gas passed from the roasting 
furnace into a series of leaden chambers, where coming in contact with 
gaseous nitric acid and steam it becomes converted into sulphuric acid. 
The nitric acid gas is produced by the action of sulphurc acid and nitrate 
of soda, and passes along with the sulphurous gases into the lead cham- 
bers. The combined gases, together with the seam and air, mix in the 
chambers and condense as sulphuric acid. This is known as chamber 

^Handbook of Metallurgy, Vol. I, p. 200. 
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acid and has a specific gravity of about 52^B. and contains about 65.2 
per cent. H 2 SO 4 . The chamber acid, in commercial plants, is then con- 
centrated to 66 ®B. containing 93.5 per cent. ILSO 4 , and tins is the ordi- 
nary acid of commerce, or oil of vitriol. 

In the manufacture of sulphuric acid, for leaching purposes, the process 
will be somewhat cheaper than the manufacture of 06"^ 11 acid for com- 
merce, because no purification will be required, and the chamber acid 
may be used without further concentration. On the otlun* hand, the 
manufacture of acid for leaching purposes wuil usually l)e conducted on a 
small scale, and hence the cost of operation, per unit of acid, will be largely 
increased over that of the large commercial i)lants. 

In the manufacture of sulphuric acid, a cluunber s|)ace of from 15 to 
25 cu.ft. should be provided per pound of sul])hur Inirm^d in 24 hours, and 
nitrate of soda will be consumed in amounts vaiying from 3 t o 5 per cent, 
of the sulphur burned. 

The cost of manufacturing the acid at the mine will vary within wide 
limits. The selling price of GG^B. aci<l, f. o. b. works, in (tomrnerical 
plants, is about $18.00 per ton, Init this {ta,nnoi. b(‘ nuide tins ])asiH of (‘r)stB 
the mine, for the reason that such acid is nuidi^ undco* 1 .Ih‘ I)est possible 
economic conditions. On the other hand, if acid is nuuiufa-cturcHl at the 
mine, assuming the ore to l)e a sulphid(^ or t.o contain suflicu’md. sulphide's 
for acid manufacture, there would b(^ no (‘Xjxmsc^ for roasting and no 
expense for sulpluir, for in any (^vcuit. Mu' suphidc's would hav(! to be 
roasted, and the sulphurous gases would oth{'rwis(‘ Ix^ wash'd. 

Sulphuric Acid Leaching of Oxidized Copper Ores, at Clifton, Arizona. 
— The Arizona Copper Company have Ixxm h'arhing oxidizcxl mirfaco 
ores at Clifton, on a large scale, .since 1893. Tlu^ following (h'sctriplion 
of the work was prepared by F. N. Flynn, the Companyts Metallui'gist.^ 

''Four groups of mines, in the Mchailf District, have* contrihuhxl this class 
of ore, but the Metcalf mine has furnished tlu^ priiatipal part of tln^ tonnage. 
The occurrence of the ore, and tlie nud.hod of iniaing have Ikhui (h'serihed hy 
Mr. Peter B. Scotland, in the Eng. and Mtn, Jour., J\ily Itf HIK). 

"The ores arc lowered down the hillsiilc by nuians of irn'lincd tramways to the 
railroad 'bins at Metcalf. ''PrainH of 4()-ton, bottom dump (‘ars are hauhul over 
the Coronado Railway, 36-in. gauge trat^ks, to (difton, i\A\ miles distant. From 
the railroad bins, which arc coxninon to tlu^ various dcipartmcmts of the works, 
the ore is conveyed by a 30-in. b(4t to the "Oxides bin, located near the 
smelting plant. 

' The gangue of the ore partakes of tlu^ character of the mirjc f()rnuvti{)n 8 ^ — 
highly altered sedimentary and igneous nxtks. Tlie granite»por|>fiyry, (juartzite, 
shale, and limestone have all been inon^ or less ultt^rcd, resulting in a mass of 
quartz grains, kaolin, serceite, silicious hematites, magm^uie, limonitc, garnet and 

1 Private communication from Norman Carmiduud, Gen. Manager, Arizona Cop«. 
per Co.: Nov. 1. 1911. 
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various other silicates of alumina. Fortunately the limestone was completely 
altered, and the calcium sulphate almost completely removed. 

“The copper-bearing minerals, in the order of their importance, are: Mala- 
chite, copper-pitch-ore, azurite, impure chrysocolla, cuprite, chalcocite, chalco- 
pyrite, native copper and brochantite. Malachite occurs throughout the upper 
part of the deposit, and is the all-important mineral. The impure chrysocolla is 
neither brochantite nor pure chrysocolla. Specimens of this impure mineral, 
containing 22 per cent, of copper, contain, but 0.05 per cent, of sulphur. The 
copper is readily soluble in very dilute sulphuric acid without effervescence. 
Cuprite occurs in the shale, usually unassociated with other copper minerals, 
except native copper in small amounts. It occurs in very thin flakes, and in such 
a manner as to suggest its deposit direct from copper sulphate solutions, the 
latter having been hydrolized by absorption. Chalcocite is found in the porphyry, 
partly and completely replacing the pyrites. 

“The milling ores vary between 2.5 and 3.0 per cent, copper, and analyze 
about as follows: 


SiO^, 

■A.I2O3, 

Fe, 

Mn, 

CaO, 

MgO, 

S, 

Au, Ag, Pb, and Zn, 


59.0 per cent. 

18.0 per cent. 

9 . 0 per cent. 
0 . 1 per cent. 
0 . 1 per cent. 
0 . 05 per cent. 

1 . 0 per cent, 
traces. 


About 315 tons of crude ore are treated per day. 

The crushing plant consists of: 

One 10-in. by 20-in. jaw crusher. 

Two sets of 12-in. by 36-in. rolls. 

One belt elevator. 

One trommel, with 3/4-in. and 5/8-in. holes when new 
Water is fed under the first set of rolls. 

The 3/4-in. oversize goes to the second set of rolls. 

The 3/4-in. to 5/8-in. size is finished product, also the 5/8-in. undersize. 
Nothing is recrushed. The crushing plant and jigs run 17 hours per day. 

“Material between 3/4-in. and 5/8-in. goes to one two-compartment Hartz jig, 
making top concentrates and tails. The hutch product returns to the ore stream. 

“The 5/8-in. undersize, including the crushing water, goes to one five-com- 
partment Hancock jig, making concentrates and tails. 

“ The concentrates analyze about as follows : 


SiOj, 

37 . 0 per cent. 

A 4 O, 

11.0 per cent. 

Fe, 

22 . 0 per cent. 

Mn, 

0 . 2 per cent. 

CaO, 

0.04 per cent. 

MgO, 

0 . 1 per cent. 

S, 

5 . 0 per cent. 

Cu, 

7.0 to 10.0 per cent. 
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^^The specific gravity of the minerals entering the concentrate runs between 
3.76 and 4.63 on sizes larger than 1/8 in. Eiglity-five per cent, of the con- 
centrate is larger than eighth inch. From 20 to 25 per cent, of the values are 
recovered as concentrate, at a ratio of about 10 to 1. 

belt elevator lifts the concentrates to a bin on the smelter charge floor, 
from which they are wheeled direct to the blast furnaces. 

^‘The tails bin serves as a dewaterer. Tine slime water is pum|)ed to settling 
ponds three-quarters of a mile distant. The slime carries 2.4 per cent. cop[>er and 
too much soluble alumina to permit of leaching it with the gravel in the i)r(i.sent 
plant. The tailings vary from 1 in. (due to the wear of the trommel) down to the 
finest sands; 75 per cent, is larger than eighth imih. The tailings are lioisted by 
inclined skip to a receiving bin, centrally located over the top of the leaching 
tanks. 

'^The Joy Mine at Morenci furnishes the pyrite for the manufacture of sul- 
phuric acid. The pyrite analyses : 


SiOg, 

9.0 per cent. 

Al^O, 

4.0 p(‘r c(‘nt. 

Fe, 

38.0 per wni. 

s, 

38.0 per cc^ni.. 

Zn, 

2.0 per C('nt. 

Cu, 

Viiriahle; UKually iin(l<’ 


The pyrite is crushed to 2 in. The fines are roastc^d in a Ilerix^shofT nv(i-d(u*k 
furnace. The coarse material goes to the lump ])urn(u*s. The <mider go(»H to the 
blast furnaces. 

"'The resulting acid is 52^ Baume. The capacity of the acid plant is 10 tons 
per day. 

the leaching department, small circular wooden tanks are \is<al. Tlicrc 
are twelve ore tanks of 13 tons capacity each, or 156 tons total (‘.apaenty. These 
have an inner lining of lighter staves. Between th(^ outc^r and inner stavn^s an 
acid proof cement preparation is used. The tops of tlu^ stavcjs are covcired with 
sheet lead. A false bottom of plank, slightly irnJiiKMl toward the cauntcT, and 
perforated with hoels, serves as a filter l)ottom. 

“The ore (jig tails) is charged to the taxik by means of fixcnl laundc'rs ov(*r- 
head, connected with tlio ore supply bin at the top of the mill 

“The leached tailings are discharged through a circular opening in the l)attom 
of the tank at the center. The opening is closed l)y means of a wooden plug, 
extending up through the ore charge, and suHj)ende<l from chain bhx^ks. The 
tails are flushed from the ore tanks and hoisttxl to the railroad Inns, from whi<‘h 
they are hauled away in 50-ton bottom dump cars. ICach ore tank is |)rovided 
with a belted centrifugal pump for circulating li({uors from bottom to top of 
tank, or to any other tank in the series. 

“Ordinary circular wooden tanks are used in the precipitating room. Two 
square tanks are used for final preenpitation. In each of these tanks is a rewolving 
drum or trommel made of cast copper. The circumference is pc^rforated with 
holes like a trommel. The ends are closed and su|>port the axles. A small door 
permits charging the trommel with small pieces of wrought iron. Tlio drum is 
submerged in the solution ud to the bearing, and revolves hIowIv. 


186 


HYDROMETALLURGY OF COPPER 


The department is arranged on three floors. The top floor for the ore tanks 
the middle floor for the precipitating tanks and trommels, and the ground floor 
for cement copper. 

“The ore charge (jig tails) analyze: 


SiOj, 

60 . 0 per cent. 

AI2O3, 

16.0 per cent. 

Fe, 

8 . 0 per cent. 

Mn, 

0 . 1 per cent. 

CaO, 

0 . 06 per cent. 

MgO, 

0 . 03 per cent. 

s, 

0 . 4 per cent. 

Cu, 

2 . 0 to 2.6 per cent. 


“In practice three tanks are leached as a unit as regards solutions, although 
the tanks are charged and discharged singly and at intervals. 

“A charge of the solution circulates in each of the three tanks for 4 hours, or 
12 hours total time, more or less. In this manner a charge of ore is leached with 
three strengths of liquor, approximately as follows: 

4 hours with ^ Strong Liquor.^ High in copper and low in acid. 

4 hours with 'Weak Liquor.* Low’cr in copper and higher in acid. 

4 hours with 'Acid Solution.* 

0 . 5 hours with Water. 

0.5 hours Charging and Discharging. 

13 hour cycle. 

“Sulphuric acid is added to the resulting wash water, to make the 'Acid 
Solution,* which in turn makes 'Weak Licjuor/ 'Strong Liquor* and 'Copper 
Liquor.* 

“The 'Copper Liquor* goes to the precipitating tanks with a very small 
fraction of a per cent, of free acid. Usually the free acid is too small to 
determine. 

“The acid consumed in leaching, per pound of pure copper recovered, amounts 
to 2.6 lb. of 52° B. acid. 

“The 'Copper Li(|uor* from the various tanks is collected in a distributing 
tank, from which it flows continuously in a small regulated stream to the pre- 
cipitating tanks. The precipitating tanks are (jonTiected in series, and use scrap 
iron of all descriptions—all of which comes from the works. 

“From the last tank in the series the li<iuor, low in copper, goes to the 'trom- 
mel tank * in ' charges.* Small pieces of wrought iron are charged to the trom- 
mel. Usually this consists of ties from cotton bales, cut in strips of a foot in 
length. 

“A 'charge* of liquor requires from 10 to 30 minutes in contact with the 
revolving trommel to complete the copper precipitation. The finished charge 
containing its cement copper is flushed to settling tanks. 

“The decanted liquor, practically free from copper, either in solution or as 
precipitate, is passed through another set of overflow tanks, containing tin cans, 
before going to waste. 

“The resulting 'Iron Liquor* is pumped to an earthen reservoir, where it 
soaks into the ground. 
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“The cement copper, after settling to separate the solution, is accumulated in 
the patio, and, when sufficiently dry, is moulded into large bricks, by hand. 
After sun drying for a month, they are sufficiently dry to be fed to the copper 
converters. The cement copper averages 72 per cent, copper. 

“The plant is handled by a superintendent and two white foremen with 
Mexican laborers. The foremen make frequent mill tests for copper, impurities 
and free acid. The working strength of all solutions is governed by Baume 
readings. 

“ No general rule can be followed for the strength of the various solutions, 
because the ore is quite variable in composition, both as regards copi)cr and other 
soluble salts. When ores are met with which show a readily soluble gangue, the 
acid strength of the solution is reduced from tliat used or on more silicious 
ores.'^ 

Leaching Plant at the Snowstorm Mine.— At the Snowstorm mine, 
Larson, Idaho, there has been in operation for some years a leaching 
plant of 250 tons daily capacity. The ore deposit of the Snowstorm 
mine consists of disseminations of bornitc, chacolcite, and chalcopyrite 
in certain beds of Eevett quartzite. The greater part of the sulphide 
has however, been oxidized to cuprite, malachite, and chrysocolla. 'J'he 
various prospects arc on rnetasomatic fissure veins carryitig (duil(!oi)y- 
rite, chalcocite or bornitc, with (piartz, clol()init<i, or sidcrite. In the 
lower workings of the mine the ore occurs as sulphith^, containing only a 
very small portion of the copper in the oxidized condition, but no atl.cmipt 
has been made to leach the sulphide ore. 

The oxidized ores average from 2 1/2 to 3 1/2 per cent, copper, 7 oz, 
in silver, and $1.00 in gold, i)er ton. The ore is crushed and run into three 
agitators, where it is treated with bleaching i)owd(u* and a 10 per cent, 
solution of sulphuric acid. By this method chlorine is slowly released, 
which chlorinates the gold and silver, ami to some ext(mt attacks tlio 
small quantities of sulphide in the oxidizcnl ores. 

The copper solution gcK^s from ilm agitators through a Beries of six 
settling tanks, after whicdi it is precipitaUnl wit.h scrap iron. The resi- 
dues, containing the silver chloride, are tnniUal wiili sodium thiosulphate 
(hyposulphite) to dissolve the silver, and tlui solution so obtaitied is passed 
through settling tanks and the silver prc(*ipiiat(Hl from the ckutr solution 
with sodium sulphide. The silver sulphide i)rccipitate is filtered and 
shipped for refinement. The process is said to save 90 per cent, of the 
assay value of the ore. 

Copper Leaching Plant at the Gnmeshevsky Mine, Russia.*— The 

Sissert property, of which the Gumeshevsky copj)er mine is a part, is one 
of the largest concessions in the Urals and was originally ol)tained P 
working iron ore deposits. As early as 1727 two important copper t 

^Inst. of Min. and Met. BuU., No. 65; Tmns. I. M. M., XIX, 212; Min. In 

1910, 210. 
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posits were discovered on the property. These were worked intermit- 
tently for more than 100 years. 

The Gumeshevesky mine was shut down in 1871. From old data 
available it appears that the mine is a contact between limestone and 
diorite. Oxidized copper ore occurs in a clay formation along the con- 
tact where there are old workings, extending about 2 miles in length 
and possibly 1000 ft. wide. The mine was worked for the oxidized ores 
only. The deepest shaft is 500 ft. The material raised from the shaft 
was evidently hand picked and only the large lumps of oxidized ore 
saved. 

The dump consists of clay material with the fine ore that escaped 
hand picking. It covers an area of about 20 acres, with an average 
depth of 17 ft. This was thoroughly sampled and estimated to contain 
531,000 cu. yd. of material carrying 23 lb. of copper per cubic yard (about 
0.79 per cent). 

In brief, the process of treatment consists of leaching the crushed 
material with dilute sulphuric acid, then precipitating the copper from 
solution with pig iron. 

The owners of the property contracted with manufacturers of acid to 
erect a plant to use iron pyrite from a deposit about 4 miles from the 
dumps, and to sell to them, during a period of 10 years, 53° B. acid at 
$4.32 per long ton (0.19 cents per pound). The contractors were to ex- 
tract the copper from the pyrite paying the estate a royalty of $145 to 
$175 per ton of copper produced, and were bound to burn 4000 to 4800 
tons of pyrite annually. The pyrite was estimated to contain 3.5 to 8.0 
per cent. Cu, and the contractors were required to leach it so as to leave 
no more than 0.2 to 0.3 per cent, copper in the tailings. 

The method used for the extraction of the copper from the burned 
pyrite consists in roasting it in a muffle with the addition of sulphuric 
acid at a temperature of 450 to 550° C. This brings the copper into soluble 
condition. The product is then leached in lead-lined wooden tanks, 
first with water, then with barren acid solution left after precipitating 
the copper on iron plates, and finally with dilute acid. The copper is 
precipitated from the solution at boiling temperature, on cast iron plates. 
In this work 2 lb. of acid and from 1 to 2 lb. of iron are used per pound of 
copper extracted. 

The oxidized dump material is composed of one-third large pieces 
needing grinding and two-thirds of fines. It is of the following average 
composition; SiOs, 37.0 per cent.; Fe, 19.6; AI2O3, 20; CaO, 0.25; Cu, 
0.75 per cent. 

The ore is shoveled into side dump cam and hauled by horses to the 
end of an inclined troughed belt conveyor which raises it to the top of 
the crushing plant. Here it is wet crushed in a breaker and Chili mills 
to yield a pulp containing 33 per cent, dry solids and having 50 per cent. 
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material fine enough to pass through a 13G-mcsh screen. This pulp is 
conducted by wooden launders to the leaching vats. Fig. df) rcpre.sonts 
a general plan and section of the leaching and precipitating plant. Tliis 
consists first of 10 leaching tanks 184X42X6 1/2 ft. deep. These tanks 
are erected on a rock foundation, and have masonry walls, covered with 
4 in. of concrete, then 1 in. of reinforced asphalt. The asphalt covering 
has lasted successfully for 2 years and has been subjected to temperatures 
from — 40 to 102° F. The plant is operated in the warmer months only. 

Each leaching tank is charged in 8 hours with pulp containing 200 
tons dry material. The pulp during this time receives 13.2 tons of .'>3°B. 



sulphuric acid which is run into the tank, after which tin; stirring arms of 
an agitator are lowered into it. 'I'liis machim* is ftirnished with five 
vertical shafts, each having a stirring arm at its low(a- end. The agitator 
is moved from end to end of the tank and stirs tins j)ulp for 9 hours. 
The material in the tank is then allow(xl to so(.tlc, the clear solution is 
decanted through the launders to thc! precijjitation tanks. Wash water is 
run in to fill the tank, the pulp is again agitated for 4 hours, allow<id 1.0 
settle, and the solution decanted as before. Four waslu's and dcicantations 
are thus made. The tank is provided with a side door tfirough which tlu^ 
tailings are discharged, while they are kept in Husptmsion by means of 
the agitator. Care must be taken to add sufFu^ient wat(^r to make at 
least 2 1/2 parts of water to 1 of tailings. The tailings go to a centrifugal 
pump which raises them to the elevated tailings discharge. It tak(>s 
3 1/2 hours to discharge a tank. The agitator is then transferred by a 
crane to another tank. The cycle of the leaching operation requires 
5 days, two tanks being charged and two discharged dailv. 
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The quantity of solution decanted at one time is 660 tons. The 
copper content of the solution varies from 0.121 per cent. Cu at the first 
decantation to 0.015 per cent, in the last wash. About 50 per cent, of the 
copper is extracted by these leaching operations, the insoluble balance 
consisting of copper silicate and native copper. 

The accompanying table shows the actual consumption of acid as 
compared with laboratory tests. 


CONSUMPTIOlSr OF ACID 


Acid consumed by 

Laboratory tests, 
per cent. 

Actual practice, 
per cent. 

Copper 

22.5 

25.0 

Alumina 

49.9 

50.0 

Iron oxides 

12.4 

15.0 

Lime 

4.2 

1 10.0 

Organic matter, etc 

11.0 



There are 20 asphalt lined concrete precipitating tanks arranged in 
five rows with four tanks per row. Each tank is 43 ft. long, 19 ft. wide, 
and 2 ft. 7 in. deep. The upper tank of each row is filled with 110 to 120 
tons of cast-iron plates. The other four have inclined false bottoms, 
each covered with about 3 tons of granulated cast iron in a layer 4 
in. thick. Thus there are in all the tanks 460 tons of plates and 200 tons 
of granulated iron. The solution flows through the system at the rate of 
nearly 200 tons per hour. The average entering solution contains 0.04 
to 0.07 per cent. Cu, and when leaving it contains 0.002 per cent., indicat- 
ing a precipitation of 95 per cent, of the copper. The tanks containing 
the plates are charged at intervals of 3 weeks; the other tanks every 
4 to 8 days. The plates are cleaned by scraping and washing off the 
loosely adherent copper; The cast iron granules are washed with water in 
a trommel perforated with 1 /8-in. holes. The under size of the trommel, 
consisting of cement copper and small grains of iron, goes to a magnetic 
separator where the iron is removed. The oversize of the trommel is 
returned to the tanks. Granulated cast iron is in every respect a more 
convenient precipitant than cast iron plates, bars, or scrap iron. 
Twelve tons of granules have the same precipitating capacity as 120 tons 
of plates. It takes eight men 45 hours to clean 120 tons of plates, as com- 
pared with six men taking care of 12 tons of granules in 8 hours. 

The iron consumed is 1.8 to 2.0 tons per ton of copper recovered. 
The cement copper, containing 60 to 75 per cent, of the metal, is treated 
by melting in a reverberatory furnace, adding to it a small quantity of 
matte of the grade of white-metal to remove impurities. The resultant 
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blister copper is then rabbled and poled in the usual way to produce a 
brand of best-selected metal. 

The accompanying table, based on operations for 13 days in June, 
1909, gives an idea of working costs under normal conditions. 

OPERATING COSTS OF COPPER LEACHING PLANT IN TIIIO IT HALS 


Item of expense 


Total coHt 


Oo.st per ion of 
climip material 


(!o.st j)(‘r 11). of 
eoppe^r 


Wages and superintendence 

Supplies 

Assay office expense 

Repairs and renewals 

Power 

Acid, 351 tons at $4.32 

Pig iron, 62.45 tons at $10.48 

Refining, 33 tons at $12.50 

Tax on 33 tons at $15.96 

Depreciation and general experi.si^s, 


Total. 


$1843.14 

$0,238 

$0,024 

280.65 

0.037 

0.004 

51.51 

0.007 

O.OOl 

736.06 

0.099 

0.010 

210.56 

0.027 

0.003 

1516.32 

0,196 

0.020 

676.95 

0.088 

0.009 

412.50 

0.053 

0.006 

526.68 

0.068 

0.007 

2218.32 j 

0.290 

0.031 

$8481.69 1 

SI . 103 

$0,115 


From 7735 tons of enrshed dumj) mabirial, 33 tons, or 0.43 i)er ('.(int. 
of copper, was recovered, using 341.1 tons of r)3°il. sulphuric acid and 
62.45 tons of pig iron. The cost of the jdaut, not iiududing tlio acid 
works, was .1128,700. 

Ferric Sulphate, Fc^CSO^),. — If cupriferous pyrites is tre.a<.ed with a 
solution of ferric sulphate, copper grass into solution in proportion to tin* 
quantity of iron that has been reduced from the fm-rlc to the L'rrous condi- 
tion. If ferric sulphate is applied to a fresh lot of cui)rif(!rous pyrites it is 
at first quite rapidly rcduricd, and the richer the minm-al in coppr-r, l.he 
quicker and more perfect will be the naluctiou. As tlm copjasr contmit in 
the ore is diminished, the reducing action bw'onuis sloww-, and in the la(,(tr 
stages of treatment, if the ferric sulphate solution is allowral to rmnain in 
contact with the partially exhaustral ore until rwluc.tion has taken placf-, it 
will be found, (1) that the free sulphuric acid is on the inc.rmisrq and (2) that 
the copper content of the solution does not increase in proportion to the 
quantity of ferric sulphate reduccal, lus is the case wlum it is first apjdied 
to untreated ore. On continuing the treatment until t.hc reducuid lirpior 
shows no furthur increase in its copper content, the proportion of free acid 
rapidly increases, due to the action of ferric suli)hato on iron |)yrit(w. 
At a slightly elevated temperature the leaching action of the mineral is 
more rapid. 

Before the copper is precipitated with iron, precautions should be 
taken to insure as far as possible the reduction of the ferric sulphate, or 
the consumption of iron will be excessive and the nrecinitation rntarfled 
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S. R. Adcock carried out at Rio Tinto a series of experiments^ to 
determine the amount of copper that could readily be extracted from 
cupriferous pyrites by washing the mineral with a solution of ferric sul- 
phate, and also to note the changes that take place during the opera- 
tion. To this end varying quantities of crude smalls, all of which would 
pass through a 0.25-in. sieve, were washed in small lead tanks with a 
cold solution of ferric sulphate (2 per cent. Fe) ; the liquor was allowed 
to remain in contact with the mineral until its color indicated that the 
greater part of the iron had been reduced, when it was drawn off and a 
fresh quantity of ferric sulphate added. 

These experiments show how rapidly ferric sulphate solutions act 
upon the cuprous sulphide in the pyrites, and in places where these 
liquors are plentiful or can be cheaply manufactured they no doubt 
could be used to advantage for extracting say one-half of the total copper 
content of mineral running from 1.5 per cent, and upward, before it is 
formed into heaps for treatment by the open air or weathering process. 
The extraction by this process compares favorably with the (1) open-air 
calcination, until recently so extensively used at Rio Tinto and the (2) 
weathering^' or air oxidation process. 

“The amounts of copper extra<*.ted at different periods were calculated from 
the analyses of the liciuors, and the results obtained from these experiments are 
given in the following table: 


Weight of mineral 
treated 

r> kg 

Copper content 

4 . 62 per cent. 

I)uy« under treatnumt 

a 

8 

26 

61 

Copper extracted 

31.90 per cent- 

44.00 per cent. 

61 .00 per cent. 

66 . 00 per cent. 

5 kg ^ 

! 1.62 per cent. 

4 

23.00 per cent. 



13 

38,00 per cent. 




50 . 50 per cent. 



94 

60 . 00 per cent. 

2 kg 

6.49 per cent. 

:m) 

50.70 per cent. 



61 

63 . 30 per cent. 


i 

180 

79,00 per cent. 


“The open-air calcination as applied to 2.5 per cent. Cu mineral yields three- 
fifths of the total copper (60 per cent.) which is at once dissolved out after calcina- 
tion. ^ The weathering method yields 88 per cent, of the total copper content 
of the mineral treated in 6 years.® While carrying out the above trials it was 
noticed in each case that, after the first two or three washings, the liquors gradu- 
ally increased in their free acid content, and further experiments were performed 

*Min. Ind., Vol. IX, 1901. 

® J. H. Collins, IVans. Inst, Min. and Met., Vol. II. 

*J. H. Brown, Jour. Soc. Chem. Ind., Vol. XIII. 
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to determine the chemical action that was taking place. To (leteriniiu^ the 
action of ferric sulphate on cuprous sulphide, 20 grin, of pure co{)|)(vr glancii 
(CU 2 S) crushed to a fine powder, was treated with an exxtess of tJui hn-rii^ solution. 
On filtering off the liquor, well wasliing the insolulih; r(‘si(Iiio, (q,c., it was found 
on analysis that 15.39 grm. of copper had been dissolvc^d, 27. -13 grin, iron has 
been reduced from the ferric to the ferrous condition, and 3. S3 gnu. of frc'o 
sulphur had been produced. Based on these results it. will be seen that tln^ fol- 
lowing equation represents the reaction that has taken pkice: 

(1) Cu^S + 2 Fc2 (SOJ 3 - 2CuSO, + -1 FiSO, + S, 

but having noticed on every occasion when (tarrying out experitiKuds on t.he 
above lines, that the first 50 per cent, of the (!o[>p(‘r is nion^ (‘asily (‘x tract, (id, it, is 
probable that the reaction is more correctly shown as taking pla.(‘e in two stage's, 
thus : 


(a) Cu2S-f f (liHO^ 1 2I'VS()4. 

(b) CuS+F('2(SOj3-dkiS(), + 21d‘S(^^ 1 S. 

“With a view to determine the action of h'rric, sulphat.e on iron })yrit(\s 
FeSg, 100 grm. low grade ore whicdi had Ixuiu prcndously ground to a. liia^ powdi'r, 
sampled and analy^sed, was washed with a strong solution of fcrri(i .sul])Iiat(j 
(2 per cent. Fe) until the analysis of tlie Ii<juor drawn off from I imc' to time show(‘d 
that practically all the cp|)i)er had Ixmui r(unov(‘(L waslu'd mtiH'ral was thr'u 

treated for 63 days with the fern<i solution, and at tln^ (*nd of this pmlod it was 
noticed that the reduc-tion of tlu^ ferriii iron was ta,king plac<‘ almost, as rapidly 
as at the commcnceinent of the ex])(u*ini(mt. From t-lui analysis of tla^ washings, 
which were drawn off when the color indhaihsl that n'duction had ta,k('n plari*, 
it was noted that eacdi siKX'nssivm wash simwcsl a, slight, incr<ais(‘ in its fns' acid 
content until the coppeu' contained hy tlu^ miiKU'aJ had Ixam pract ii'ally (exhausted ; 
at this stage the free a<d(l appcuirtal to have ixaiclnsl its ma.ximum, a,ud from tlnsicc'. 
was always found prcisent in (|uantlty, dir<‘ct.Iy pro^iortional to thc^ a, mount of 
ferric sulphate that had b(ien nuliKaul by tlu' mim*raL 

The mineral at tlie conclusion of the (‘xpcuiimait was w(‘ll wasluHl with dis- 
tilled water, and drical at ICKF (k The following a.r<‘ tlu' a,nalys(‘s ]>vUm\ and 
after treatment : 


Compoiuuils 


Hcfon» 


Aft.-r 


Copper 

0 

fji 

Sulphur 

Iron 

42 

Arsenic 

0 

0 

0 

Antimony 

Bismuth 

Lead 

f) 

Zinc 


Silica 

0 



Total 1 

90 . ( 



Free sulphur j 



PIT IUMU. 
PIT IH'tO. 


iAH) PIT emit. 


Nil 


0.07 por nqit. 
aa.oa pit emit. 
4 l.(K) per emit. 

per cent. 
0.02 per cent. 
0.002 per cent. 
I.IO per cent. 
0.12 PIT cent. 
0.40 per cent. 

Of >.072 per cent. 
2 .m per cent. 
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“The above analyses show that the copper and zinc originally contained by 
the pyrites are almost totally extracted by ferric sulphate, the arsenic to a lesser 
extent in the same time, while all the lead remains in the washed material, 
probably as insoluble sulphate. It is well to note that there is free sulphur pres- 
ent in the material after treatment. 

“The results of the analyses of the liquors obtained by washing the mineral 
for 63 days, after the copper had been extracted, were as follows: During this 
trial the liquors were kept at a slightly elevated temperature; 45.2 grm. of ferric 
iron reduced to the ferrous state; 44 grm. free sulphuric acid formed, and 4.2 
grm. of iron (from the pyrites) dissolved. Based on these results it is probable 
that the following equation represents the action of ferric sulphate on iron pyrites : 

(2) 1 IFe^ (SO ,) 3 + 2FeS3 + I2H3O = 24FeSO, + I2H2SO, + S. 

“ The amount of pyrites required to effect the reduction is very small, but the 
reaction in the cold is slow in taking place, unless a large excess of mineral is 
exposed in proportion to the quantity of ferric sulphate to be reduced; at a 
temperature of from 50 to 60° C. the reaction takes place much quicker than at 
ordinary temperatures.’^ 

Ferric sulphate also reacts with cupric oxide, according to the equation: 

(3) 3CiiO+Feo(SOj3 = 3CuSO,+Fe.p3, 

and somewhat similarly on the carbonate, with the liberation of COj. 

Zinc in its sulphide combination is readily soluble in a solution of 
ferric sulphate, according to the ecjuation: 

(4) ZnS + Fc 2(SO 4) 3 - ZnSO 4 + 2FCSO4 + S. 

From equations 1, 3, and 4, it is readily estimated that theoretically, 
6.3 lb. of anhydrous ferric sulphate arc re(|uired to dissolve 1 lb. of copper 
from its cuprous sulphide combination, and 2.1 lb. from the cupric oxide: 
G.l lb. of ferric sulphate is destroyed in dissolving 1 lb. of zinc 'from 
sphalerite, and as zinc is more electropositive than iron, it will not be 
precipitated by it, but will accumulate indefinitely unless some means is 
provided to remove the zinc sulphate, or at intervals renew the solution. 

Experiments with Ferric Sulphate at Cananea. — W. L. Austin gives an 
account^ of experinKuits carried out at Cananea, State of Sonora, Mexico, 
by the Cananea Consolidated Copper Co., from the original notes furn- 
ished by David Cokq assistant general manager of the company, with a 
view to ascertaining the leacdiing qualities of local material. While these 
experiments did not knid to the adoption at Cananea of the method ad- 
vocated, the results ol)tained are instructive and of practical value to 
any one contemplating similar experimental work. 

“The material treated at Cananea consisted of mill-tailing sands and of flue 
dust from the furnaces. The leaching was done by simple percolation without 
agitation. The copper was precipitated from the cuprous liquors by means of 

^ “Mines and Methods,” Sept., 1910. 
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metallic iron. The spent solutions were regenerated by forcing heat(Hl air 
through them. The principal difficulties encountered arose in the regcnuiration 
of the liquors. 

''There is from 0.27 to 0.6G per cent, zinc in the inill-tiiiling sands at C'ananea 
and the copper varies from 0.54 to 0.S9 per cent. It was found that thc^ zinc 
minerals were more readily attacked than those carrying the co])per, for in tho 
same time that approximately 65 per cent, of the (;o|)per wa-s extracted 72 pc^r 
cent, of the zinc went into solution. It was thought at Canaiu^a tliat dilution 
of the solutions by wash water introduced to rcunox-e tlie solubk': coi)p(T salts 
from the tails before allowing them to go to waste would suffice to ke(‘p the zinc 
content in the solution low enough to prevent serious fouling. A ccuTain propor- 
tion of the zinc salts would be removed in this inaniun- Ix^c^ause tlu^ wash wat(‘r 
after flowing over iron to deposit the copper wouhl b(‘ allowed to escape, but the 
effect of zinc salts in the application of the proc(\ss in any pa,rti(‘ular case, (‘an only 
be determined by experimenting with the ore in (jU(*s(,ion on a consid(‘rabl(^ scal(‘. 
In using 2 lb. solution to 1 lb. of ore it was found that 94 p(‘r cent, of th(‘ soluble 
matter is extracted without increasing tlui bulk of solution with wash wat.cu*. 

'^Only very small amounts of alkalis went into solution in t n^ating th(‘ sand 
tailings — about 0.1 per cent. — and the <|ua.ntitl(‘s of alumina and linu^ W(‘nj 
negligible. The pyrites in the ore was found to rexhuxi the ferric^ salt.s, causing a 
waste of the solvent. ^ 

^'It was found that the averag(i loss of ffirric sulphate p(u* ])ound of (‘opp(‘r 
extracted was 4.37 lb. This figure was d(‘rived hy cnMliting tla^ gain in huTous 
sulphate from both the action of the ore and from th(‘. pn‘ci])it.ation of th<‘ iron, 
an<i ‘calculating the oxidation in the tower.' 

“It was found at Cananoa that a ferric; Hulj)hate solution accoinplishcxl a V(uy 
complete extraction of the copper from mab'rial (x)id-uining tin; oxidcss and 
carbonates, but that it acted more slowly upon those; ca,rrying thc^ m(‘tul in the 
form of chalcocite. Chalcopyrite was hardly attaclual a,t all. TIu; cont.tmt of 
the solution in ferric sulphate was found to b<; of (‘omparati v(*ly small ittiportanco 
provided base salts were abs(mt. It workcul -vvIhuii it carraxl as small an amount 
of ferric salt as 1 per cent., and the extra(‘tions wcuh; luxirly as <;ompI{'.t(‘ when 
using 2 per cent, solution of ffinh; Hul[>hate as wh<m using 7 pen* cemt. A fn'shly 
precipitated solution acted more energeti(;ally than an old one, (;v(m though 
relatively weaker. The pr(;sen(*-e of much bash; sulphate; was found to gr(‘a<ly 
retard the Iea(diing, ‘clogging' the action. For this reason the; solution was 
settled in the oxidizer before using. Abotit 65 per cemi. of th(‘ coppcT (‘oni.emfs 
of the mill-tailing sands could lx; cxtraciexi in ahotit threx; hejurs wlien the; liepior 
was boiled, or in about 7 hours when it was at a t(U!)p(;raturc‘ of 7(f . 

“Concentrates gave about 40 jx'r cent. (;xtra(;tion. 

“After the lie|uor8 were thought to contain a sufficient quantity of (‘opper in 
the sulphate form they were conveyed to the prcx;ipitaiing tanks where tho 
metal was removed by being brought in contact with metallic iron: 

(5) CuBO, + Fo - FeSO, f Cxi . 

“The consumption was light because when the solution is liot tlic preeapita- 
tion is very rapid and complete. 

“After the liquors had passed through tho precipitating boxes the iron was 
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practically all in the ferrous condition and it became necessary to regenerate the 
solvent — that is, to reoxidize the iron — before it would again be available. It 
is precisely in the regeneration of the spent solutions that the weakness of leach- 
ing methods based on the use of ferric salts becomes apparent. 

“At Cananea the regeneration was effected by pumping the solution into an 
oxidizing tank where it was heated by a steam coil and agitated and oxidized by 
hot air. The capacity of the oxidizer was 30,000 lb. of solution; the working 
height of the column was 11 ft. S in. It was thought that IS ft. would give better 
results. From the oxidizer the solution was led to a settler and from which the 
clear liquor was drawn off to a feed tank. It was then available for leaching. 

“The reactions which take place when an attcmi)t is made to oxidize ferrous 
sulphate to the ferric condition, without the presence of free acid, are very 
complicated. Basic ferric salts, of which there are many varieties, invariably 
form and are precipitated, thereby causing the loss of a large part of the iron 
unless free suli)huric acid has been added in the amounts necessary to produce 
the neutral ferric s\ilphate. For the purpose specified (the formation of neutral 
ferric sul[)hate), ten i)arts of ferrous suljdiate reejuire two parts of concentrated 
sulphuric acid. The reactions which occur in the transformation are indicated 
by tlie following equation : 

(0) 2(FeSOJ +ILS0, + 0 = Fe3(S0j3 + H,0. 

“If a solution of neutral ferric sulphate is heated with ferric hydrate, there 
results a deep brown licpior containing a more basic salt~two-thirds as much 
sul|)liuric a(ud coml>ined with the same amount of iron as in the neutral salt. 
This basic; salt is also formed wlnm a solution of ferrous sul])hate is slowly oxi- 
dized l)y contact with the air, while at the same time a still more basic salt is pro- 
duced (with oiKvsixth as mu(‘h sulpiniric acid as is present in tlie neutral sulphate), 
together with otluu- soluble sulphates and the neutral ferric sulphate. 

“The basic salt containing two-thirds as much sulphuric acid as is present in 
the neutral suli)hate, is decomposed by heating, or by dilution of the solution, the 
resulting produ(;ts being neutral ferric sulphate and a yellow precipitate con- 
taining the oiHvsixth salt r(‘f(‘rred to al)<>ve. These two last named ferric com- 
l)ounds predominate wlien a solution of ferrous sul|)hate is oxidized by exposure 
to the air, and are (;laim(;d by some authoriti{;s to bo the final products from the 
oxidation d(;s(;ribed. 

(7) 10(FeSO,) F 05 - 3 (Fe 3 (H 0 j 3 ) +Fe,SO,. 

“From the above equation it is evident that in converting a ferrous into a 
soluble ferric sul{)hatc by oxidation in the air, with the assistance of heat, without 
the addition of free acid, 40 [ler <;ent. of tlie iron is deposited in the form of insolu- 
ble basic ferric sul|)hates and is therefore lost as an active reagent for the required 
purposes, in addition to a loss of the a<;id with which it is combined. Hence in 
order to keep up the grade of the solvent in leaching with ferric salt, it becomes 
necessary to t;onstantly replenish the acid constituent of the compound, the 
latter being the reagent consumed, and the process becomes virtually one of 
leaching with sulphuric acid. Where a heavy iron sulphide is calcined before 
leaching, the loss of iron becomes of comparatively small importance, but where 
the ferrous salt is an item of expense, the cost is considerable. If 10 lb. of ferrous 
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sulphate are required to carry out a certain leaching operation, 4 lb. will l)e lost 
in the process of regeneration by aeration, unless 2 lb. of coiu'entrated (OG® B.) 
sulphuric acid is added to the solution to prevent the iron from taking tlie form 
of a basic salt. Therefore, in estimating the cost of leaching a given ore, the 
relative expense in providing free acid, as against that for ferrous sulphate, has 
to be considered. 

“From the above remarks, it is apparent that the reac.tions which take ])la(*e 
in the regeneration of the spent solutions by the methods us(h1 a,t ('aiuimni are too 
complicated to be written down in formulae; the actual figures disclosing results 
obtained are more illuminating. 

“In making the ferric solution employed at ('ajianea fho f(‘rrous sulphate 
used contained sulphide impurities which caused some irr(‘gularities during the 
oxidation, the ferric sulphate being destroyed. The sulphid('s miglit liave beem 
removed by dissolving tlic sulphate in a separate taidc arid d(‘cantfng the clear 
solution. The ferrous salt was added to hot water into which had been pumiied 
some ferrous solution and the whole was heat(‘<i by means of a steam coil near the 
bottom of the oxidizing tank. Air was forevd in by a c,()mpr(‘ssor aft(‘r iiassing 
through a heater where is attained a temperature of from 200 to 400° F. and 
served to agitate and oxidize the solution. 

“After it was apparent that the ferrous salt had gone into solution, samples 
of the liquor were taken which ga\'c the following nssuKs: 




l'’crrou.H 


t’errouM 

I'V'rric, 

No 

Hours 


Hulphatti 

Nulphniiii 

HUlpIlHt.(^ 



per cent. 

p(«r cenl.. 

PouikIh 

ptMinds 

1 

0 

12.1 

1 .0 

3030 

-180 

2 

1 

11.7 

2.1 

3510 

020 

3 

2 

11.3 


3.390 


4 

4 

10.9 


,3270 


J> 

5 

10.5 


3150 


6 

0 

10.5 


31.50 


7 

8 

9.4 


2820 


8 

24 

6.5 

5.0 

19.50 

1.580 

9 

20 

«. 1 


18.' 10 


10 

28 

5.8 


1710 


11 

30 

5 . 5 

o.r> 

10.50 

I 980 

12 

32 

5.1 

7.0 

15;i0 

2100 


'I'tsnupcralum 


7(i.O 

70.0 

70.5 
80. r> 
H0.r» 

81 .5 
Hi .0 
70.0 
70.0 

70.0 

77.0 


Total ferric Hulphiiic fornuul in 32 hour.s wuh 2100- -mO- 1020 11>. f('rri<^ Mulphato 

formed in 1 hour *==50.0 lb. 


''The table shows no oxidation in the solution b(d,ween the fifth and sixth 
samples. A possible explanation of this feature is that ferrii; sulphate a.ttacked 
the sulphide of iron already referred to as an impurity in tlio ferrous salt fed to 
the oxidizing tank. 

"A basic sulphate which formed in the tank during the process of oxidation 
is said to have interfered to a great extent witli the operation. 

“In the test from which the above results were obtairuKl, 300 lb. sulphuric 
acid were added after the solution had been oxidizing for 28 hours. Four liours 
later a valve leaked and the solution in the tank had to be drawn off, so that it 
was thought that the basic Siilohate mav not havo received the full benefit of 
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the acid. The iron sulphides in the solution were considered to have retarded 
oxidation to a marked extent. 

At Cananea the oxidation of the ferrous to the ferric sulphate was found to 
be a serious problem as the transformation was very slow, and it was thought 
that a successful application of the process will depend more on a satisfactory 
solution of this feature than on any other. 

“ In an experiment made previous to the one mentioned, before alterations 
had been made in the oxidizing tank, 6.4 tons of solution were treated for 2 days. 
During that interval 1,500,000 cu. ft. of air at a temperature of about 140° C. 
(equivalent to about 100,000 lb.) were forced through the solution with the follow- 
ing results: 



! F(?rr<)u.s 

.sulphate 

Ferric sulphate 


B(‘r cent. 

Pounds 

Per cent. 

Pounds 

Before blowing 

G.SO 

!* 870.4 

0.82 

104.9 

After blowing 

r>.U) 

; mu. 2 

1.80 

2:10.4 


^‘It is stated that only 125.44 lb. of ferric sulphate were formed, which also 
included the pn^dpitated basic salts. If all the oxygen in the air had been util- 
iz(id, nearly 200,000 ll>. f(‘rri(‘. sulphate might have been produced had the 
necessary amount of ferrous solution beem available. It took 1200 times more 
air than was theoreti(‘ally necessary to j)roducc the results desired. 

^‘In order to im^rease the cfricienc*y of the oxidizer, perforated discs were 
submerged in the solution and heated air from the compressor was forced in at 
tlic bottom. Tlie improved oxidizer gave much l)etter results than were obtained 
witli tlie former one. 

In making an estimate of the expense of converting the ferrous solution at 
Dananea, no accoiuit ai)pearH to have b(Km ke|)t of the ferrous salt, nor of labor 
and repairs; only the following items are given: 


Steam for heating the solution through lead coil, $3.80 

Power used for compressor, 0.85 

Coal to lu^at the air, 202 lb. 1.05 

Bu4)huric acid, 300 Ih., 2.00 


Total, $7.70 


These figures are for 24 hours' run. The sulphuric acid is taken at $0.0066 
per pound, at which price it was thought that probalily it could be manufactured 
at Cananea. 

“As tlie average amount of ferric sulphate formed in the oxidizer was 50.6 lb. 
per hour, dividing the $7.70 by 24 to obtain the cost per hour, and dividing this 
result by 50.6 to get the cost per pound, gives $0.0063 as the cost of 1 lb. of ferric 
sulphate produced in the manner described. 

“An estimate made by the engineers who conducted the tests at Cananea is 
ffiven below. These fiinires are said to renresent the actual results obtained in 
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treating a 10-ton lot of Cobre Grande ore. TliLs ore (•()nl,ain(‘d 3 j)er cent, coifper, 
and the extraction is said to have been 90 per (‘ent. 



P(‘r ton 

Per cent. 

Crushing to six mesh,, 

$0.50 

13.4 

Roasting, 

0 . 50 

13.4 

Oxidizing, 

0.95 

25.5 

Acid, 16 lb. at 1/2 cent. 

0,08 

2.1 

Coal to evaporate wash water, 

1.00 

26.8 

Iron to precipitate copper, 

0.30 

8.0 

Heating solution, 

0.20 

5.4 

Labor, 

0.20 

5.4 

Total, 

$3.73 

100.00 


“This is equivalent to $0,064 per pound of eopp(U*. It was found in this 
experimental work that the l>est leaching results W(‘r(‘ obtained wluiii tlu^ copper 
was in the oxidized condition. A tost made on 17^5 lb. of Hue dust (H)nt4uning 
5.63 per cent, copper was satisfac^tory, as shown IxHow. 

“The dust was first calcined to oxidize the’: sulphi(h‘s an<l then lea(^h(*d wilh 
a hot solution of ferric sulphate. The leaching proccMahal rapidly; two ai»plica- 
tions of the solution left practically no cojjpor in the tailings. following 

table shows the consumption of f(u*ri(^ sulphate in this op(‘ration: 

Pound , 


Ferric sulphate (Fc 2 (^^^h) 3 ) hi hxsl solutioiq 4*10 

Ferric sulphate (FcaCHOJa) in tail solution, 190 

Ferric suliihatc (Fe^(SO.t) 3 ) used to l<‘ach, 250 

Copper in charge, 97 . 5 

Copper in solution, 95 per c<mt. (‘xtraction, 92.6 

Ferric sulphate consunu'd p(T pound of <;oj:>per extracted, 2.7 


The time factor was ignored in this t('st, the p(u*f<M‘tion of the Iea.c.h alone !>eing 
considered. The dust contained about 30 per (tent, iron so that an (t.xcc^ss of 
ferrous sulphate was found in the tail solution. No att(uni)t was nuuht at esti- 
mating the cost in tluisc tc^sts Imcausc^ the (uxpensc^ for calcining, labor, stc'am to 
heat the solutions, ro})airs, (dxx, (‘ould not be accurately obtained. 

“Another test said to have Ixum made on a lO-ton lot of due dust assaying 
7.5 per cent, coppe^r, ixisultcxl in an extra(d.ion of 94 to 96 per (‘cnt-. ''Phe (‘ost 
items were given as follows : 


P(‘r ton Per cent. 


Calcining, 

$0.50 

12.0 

Oxidizing, 

1.44 

34 . 5 

Acid, 16 lb. at 1/2 cent, 

0.08 

1.9 

Iron for precipitating the copper, 

0.75 

18.0 

Steam for heating solution, 

0.20 

4.8 

Coal for evaporating the wash wat(*r, 

1 .00 

24 . 0 

Labor, 

0.20 

4.8 


Total, $4.17 

Cost Der DOund of Conner, .f 0 029. 


100.0 
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'' The Cananea tests appear to have come to a sudden termination through the 
breaking down of the oxidizer, without the cost of the solvent having been con- 
clusively established. The extraction was apparently satisfactory. 

"'The figures given in the foregoing, relative to the cost of producing the ferric 
sulphate are either based upon what might have been accomplished with a per- 
fect oxidizer, or are incomplete, or are theoretical deductions from imperfect 
results. They are not conclusive. 

"It is to be regretted that having carried the work along to the point reached, 
an effort was not made to definitely ascertain the cost of producing the solvent, 
or what is the same thing, the expense of regenerating the solutions. 

"An estimate made by an engineer in the early stages of the experiments as 
to the probable cost of producing copper by this method is given below. This 
estimate was figured before improvements in the oxidizer were made. No 
charges are included for mining, transportation, crushing, calcining, general 
expenses, etc. 


COST OF TREATING SANDS YIELDING EIGHT POUNDS OF COPPER PER 

TON 



|per ton sands 

Per pound 

Per cent. 



copper 


Coal to heat air 

$0.57 

$0.0713 

27.6 


0.12 

0.0150 

5 8 

Acid — if made on ground — 2 lb. acid per 1 lb. Cu 

0.08 

0.0100 

3.9 

Iron, 12 lb. at 1 cent, per pound 

0.12 

0.0150 

5.8 

Labor and maintenance 

0.60 

0.0750 

28.9 

Shipping and refining at $0.05 per pound copper 

0.40 

0.0500 

19.3 

Added for waste of material, 20 per cent, of $0.89 

0.18 

0.0225 

8.7 


$2.07 

$0.2588 

100.0 


"A summary of the cost of producing the ferric sulphate used in the experi- 
ments at Cananea, derived from independent sources, is given below. The 
figures include only steam heat, heat for air, power for compressor, and acid. 


COST OF FERRIC SULPHATE 



Lb. ferric sulphate consumed 
per pound of copper 

Ferric sulphate cost 
of 1 lb. 

Ferric sulphate cost per pound 
of copper 

I 

Oxides 

2.5 

Sulphides 

3.3 

’ $0,004 

Oxides 

$0.01 

Sulphides 

$0,013 

II 

III 

2.7 

4.37 

0.0064 

0.0226 

0.017 

1 

0.099 


"The cost per pound of ferric sulphate in No. II is probably the closest 
approximation to the actual cost of the pound of ferric sulphate made at 
Cananea, but does not include original cost of the ferrous sulphate, losses in 
handling, basic salts, nor losses from presence of impurities.' ' 
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Thomas’ Experiments with Ferric Sulphate on Sulphide Ore.' — F. 
Thomas experimented with ore of the following composition: 


SiOo, ganguc, 

Cu.,S (10.5 per cent. Cu), 

Fe^Oa, 

MiiO, 

A1,03, 

P.Od, 

CaO, 

Traces, Sb, Sr, Mg, and Iv. 


•M . 7 p(‘r c(‘nt. 
13.5 percent. 
25 . 25 }><‘r cent. 
5 . 70 jxn* cent. 
0. 1<S per c(nit. 
7.5 per c(‘nt. 
0 . 3‘t per c(‘nt. 
2 . 83 per cent. 


The principal results of his experiments are as follows: Tlie double 
sulphides of copper, which oc(uir in naturo, r(M]uirc for their complete 
transformation by means of ferric sulphate siudi a long tn^atinent and 
so fine crushing, that a comnuircial ap])lication of tliis nud-hod of leaching 
does not pay under the condit-ions (existing in most copi)er i)rodu(ung 
countries. Copper-iron sulphides, artificially ])r(^])ar(Hl, a, Iso n^sist tlio 
action of ferric sulphate in the same way as th(^ natural om^s. Fixu) 
copper sulphides and oxides react with ferrict sulpha, te iu a(iu(‘OUH solui-ion 
easily and quickly. The reason, to whi(*h the dinieull.y of the action of 
ferric sulphate in the former cas(is is due must, tluu-(dbr(^, lic^ in tlu^ eluun- 
ical afiinity between the ingrcidiivnts of tlu^ mitural u.nd artificial Ktil|)hur 
ores in copper. The presemui of a !arg(jr ({uantity of lerrous Hul|)hate in 
the solution impairs the solution of (a)]>p(U* from c,u|)rouH sulphide by 
means of ferric sulphate. The nud.hod suggesbal in the fSHuncmH-IIalske 
process for roasting copper ore, so that tluniuiin (|uantity of tluuron is 
transformed into oxide while the nuiiu ([uanth-y of c.opp<u’ nunains us 
cuprous sulphide, is practicailly im})ossihl<^ N<vith(U’ (uin satisfactory 
results be obtained by nutans of d(‘ad-roa, sting of Hulj)hld(^ or(‘H, for the 
reason that at the tcmperatur<^ reciuircHl for t.his pur})OHe basic; silicates 
are formed by means of combination of the copper oxide with the 
silicates of the gangue, and that perluips also salts of the; F(;j ,()4 tyi)e aro 
formed by the coni1)ination of the oxid(;s of c<>i)]K;r and iron; stich salts 
are acted upon very slowly by fca-ric sulphate;. The double sulphides 
must therefore be dcistroycul by oxidizing roasting at so low a teinperaturo 
that the formation of the com|)C)undH just memfioned is impossible. This 
temperature is al)out 450 to 480*^ C. The; ])roduct t.hus obtained contains 
the copper essentially in the form of sulphate;. The low temperature of 
roasting permits the use of simple; furnae;(;s, and a crushing of the ore 
is sulHicient, corresponding to 484 meshes per square centimeter. The 
leaching can be so conducted that a solution of copper sulphate is obtained 
with only small quantities of iron. 

^Metallurgies Jan. 15, Feb. 8, and 22, 1904. 
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Experiments in Southern Tyrol, Spain. ^ — A copper plant was erected 
in Southern Tyrol, in which an attempt had been made to employ the 
old Siemens-Halske process, the first stage of which is leaching with 
ferric sulphate solution. This preliminary leaching was a failure, so 
that the subsequent electrolytic precipitation of the copper was never 
attempted. The reason was that the ore contained the copper in the 
form of the compound Cu 2 S,FeS,FeS 2 ; this was roasted .at such a high 
temperature that the copper oxide combined with other oxides and 
formed combinations like CuO,Fe 203 and silicates, which are not amen- 
able to leaching. The ore was afterward roasted at a low temperature, 
which was then easily leached, and it was decided to work the copper 
ore simply for copper sulphate. 

Copper Extraction at Kedabeg, Russia.- — The rich ores at Kedabeg 
are smelted. The lean ores, containing less than 5 per cent, copper, 
say 3 per cent., and which consequently would not bear the cost of 
direct smelting, are treated by leaching. The process is very simple 
and well adapted to the local conditions which scarcely permit of the 
use of salt or other decomposing reagents. The ore is cheaply roasted 
in kilns or Gerstenhofer furnaces without fuel, the copper being thus 
brought into soluble form for leaching. This presents no great difla- 
culty, as the copper,. originally existing as sulphide, is oxidized par- 
tially to sulphate in the furnace, the sulphatization being completed 
to a certain extent later during the leaching by the ferric sulphate 
formed in the roasting and also present in the residual solutions 
from the electrolytic precipitation, the latter being run into leaching 
ponds. A comparatively long time is required to obtain a practically 
comi)lete change of the copper to sulphate, several years^ leaching being 
necessary to reduce the copper contents to 0.5 or 0.7 per cent, copper. 
However, from 50 to 70 per cent, is ol')tained at a very small cost in the 
first year. The whole plant is in the open, without covering or roofing, 
and on sloping ground. The ground, very impcrmeal)lc to begin with, is 
completely hardened by the deeompoHition of basic salts of iron. 

The copper is precipitated in wooden tanks by means of scrap iron, a 
rapid circulation being kept up all the time. In this way 409.5 metric 
tons of cement copper, with 05 to 75 per cent. Cu, are produced per 
annum. 

The Millberg Process.^ — Well roasted copper pyrites or copper cinders 
contain copper as : 

1. Copper sulphate, soluble in water. 

2. Copper oxide, soluble in ferric sulphate. 

^ W. Botchers, Metallurgie, Aug. 8, 1909. 

^Gustave Kolle, Min. Ind., Vol. VI. 

^Chemicker Zeitung, XXX, 511. 
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3. Cuprous oxide, capable of being oxidized by ferric sulphate which 
will then dissolve it. 

4. Copper sulphide, oxidizable by ha-ric sulphate which will then 
dissolve it. 

Millberg’s method consists in leaching the roasted ore or cinders with 
a solution of ferric sulphate by whi(;h the coppeu* is salts arc dissolved 
out and pass into tlie filtrate. This filtrate will tlien contain ferric 
sulphate, ferrous suli:)hate, cop})er sulj)hate and sul})hate of otJier nietals 
when present, such as zinc, manganese, cobalt, nickel, and aluminum. 
Ferric sulphate is very effective in bringing tlie co])per salts into solution 
so that in burnt pyrites containing 0.8 2 :)er cauit. to 4.0 per cent. cop])er, 
there is left in the residues 0.05 per cxuit. to 0.2 ])er cent. only. 

The filtrate contained in a tank is brought to the tojn|.)erature of 60° C. 
and to it is added a little ferric sulphate solution till l)y tevsting with 
ferrocyanide solution the end point is reac.luuL This may be, for (example, 
0.66 per cent, of a ferric sulphate solufion of 25^^ ih This oxidizing 
action will not exceed 2 days, and for some kind of cindc'rs but a few 
hours. Air is then blown into the solution in prescuna) of ati alkali ])ase, 
such as milk of lime. The ferric sulphate is ])nuu'pitated as an insoluble 
basic sulpluite. This is lilicuxal or d(j(;ant(Ml off and tliero remains in ilio 
filtrate the sulphates of co})p(u* and other nud-als. 

The solution is heatcul to the l)oiling ]>oint, and to it is slowly added 
dilute milk of lime, which precipitates tln^ (uyp]){‘r a,s an insoluble l)asic 
sulphate of a light green c.olor and huives tlu^ otluvr sulphat(\s in solution. 
The precipitation must bc^ watcluid and tlui tnait-meut s(,oj[)p(Kl as soon as 
the copper has bcMvn ])rec,ipitated. 

The Elliott Process. ‘—Tlui Elliott pnxa^ss (consists, (issentiaily, in 
leaching the ore with a hot non-acid solution of lerroiis sulphate, i)assing 
air through the solution during the op(u*ation of clung, ])r(‘cipitating 
the copper from tlui solidron with iron, ther(,d)y regmuu'ating tJie ferrous 
suli)hate for a ix^jxdition of the })ro(‘(^ss. 

Tlie process is appIi(taJ)I(‘. to oxidizcu] on^s; if the ore to l)e treated is a 
sulphide, it has to be giv(ui a ])rtdiminary roasting t.o (U)nvert tlui sulplude 
into the oxide or sul()hai,e. TIu^ air, ;pr(d‘<u*ably h(‘ai.(^d, (a)nv<M’ts the 
ferrous sulphate to the ferric sul})hat(^, wlu<‘Ji t,h(ui a.c-ts on tlui eoppeu* 
oxide. The oxidation of 1-he lerrous sul])hat(^ to lerih; sulphates may be 
expressed : 

6 F<iS(), f (), - 2F(a(S(),), f FaJ), 
the leaching operation: 

3CuO + Ee,(S( ) ,) 3 3CuS( ) , --h Ee^Os 
and the precipitation: 

CuSO,+Fe-CuFFcSO, 

^U. S. Patent 814,836, March, 1900. 
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so that the leaching solution, is therefore regenerated by the precipitation 
of the copper with iron. The ferrous sulphate solution is then again 
applied to the ore, and while hot, air is passed through it, thereby re- 
generating the ferric sulphate, which attacks the copper and makes it 
soluble, thus repeating the cycle. It is claimed that the process is 
applicable to ores containing too much lime for acid treatment. 

The Laist Process. — This process is based on the use of sulphuric acid 
as the solvent, and hydrogen sulphide as the precipitant. 

The steps in the process may be summarized as follows: 

1. Dissolving copper from the ore with dilute sulphuric acid. 

2. Precipitating the copper from its solution as copper sulphide by 
hydrogen sulphide, accompanied by the regeneration of acid. 

3. Manufacture of the hydrogen sulphide gas: a. Reduction of 
gypsum to calcium sulphide with coal; h. Decomposition of the calcium 
sulphide by carbon dioxide and water to hydrogen sulphide and calcium 
carbonate. 

4. Conversion of the copper precipitate to metallic copper. 

The process is based on the following reactions: 

(1) CuCO., + H^SO^ - CuSO 4 + CO, + ILO. 

(2) CuSO^ + ILS-lRSO^ + CuS. 

(3) CaS ()4 + 4C = CaS-!-4CO. 

(4) CaS + 11,0 +C 0 ,-CaC 03 + 11,8. 

The first well-known reaction sho%vs what takes place when copper 
carbonate or oxide is dissolved with sulphuric acid. Reaction 2 shows 
the effect of the hydrogen sulphide on the copper sulphate, by which the cop- 
per is precipitatcid as sulphide and an equivalent amount of sulphuric acid 
regenerated. The third reaction, is the first step in making the hydrogen 
sulphide gas. Calcium sulphate (gypsum) is reduced with coal. This 
reaction takes place at a l>right rod lieat, or about ISOO'^F. The reaction 
is accompanied by tlie formation of both carbon dioxide and carbon 
monoxide, but tlie monoxide largely predominates. In the reaction it is 
assumed that carbon monoxide only is formed. From the fourth reaction 
it is seen tliat when calcium sulphide is treated with water and carbon 
dioxide, it decomposes, and calcium carbonate and hydrogen sulphide are 
formed. 

From the reactions it is clear that 168 parts of gysiim will furnish 
enough hydrogen sulphide to precipitate 63 parts of copper. F or the reduc- 
tion of this gypsum 48 parts of carbon is required. In practice there is used 
3 parts of coal to 7 parts of anhydrous calcium sulphate, that is to about 
8 parts of gypsum. This slight excess of coal is necessary to effect a 
quantitative reduction. Hence about 4 lb. of the mixture of coal and 
gypsum are used in precipitating 1 lb. of copper, or about 2 2/3 lb. of 
gypsum, or 1 1/4 lb. of calcium sulphide precipitate 1 lb. of copper. 
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The copper sulphide precipitate is readily converted into metallic 
copper, while sulphur dioxide is released. 

Most copper ores contain substances besides copper which consume 
acid. Acid lost in this way is not recovered in the preci]ntating tanks, 
but is recovered by allowing the acid solution itself to flow down con- 
densers up which sulphur dioxide mixed witli air from the copper 
sulphide furnace, is passed. The hot air in conjunction with iron salts in 
the solution oxidize a large part of the sulphurous acid to sulpluiric 
acid. 

Method of Extracting Copper at Rio Tinto, Spaind — The ore treated at 
Rio Tinto is massive iron pyritc containing up to 3 ])er cent, of coppi^r, 
which has been disseminated through the mass by a secondary en- 
richment. 

The well-known method adopted for the extraction of the co])p(ir, and 
in use at the present time, consists in allowing huge h.oai)s of the mineral 
to oxidize under the influence of moisture and air, and subsecpiently 
washing out the copper sulphate as soon as it is formed, l)y running water 
through the heap. 

The application of this system- depends largcdy on the state in whic^h 
the copper occurs in the mineral- If it exists as (^hal(a)pyritc— (hd<'eH 2 "~ 
the copper will not oxidize l)y simple exposure to the air, in one case it 
having taken many years to oxidize 10 pen* ceniu of t.lui (a)pp(ir originally 
present in the ore. If the copper is in the form of CuS, the oxidation 
proceeds very slowly. Tlie Ixvst form for solution is (huS, or copper 
glance, which constitutes the bulk of tlu^ coppeu* in Rio Tinto pyrite. 
These statements may be made clearer frorn th<^ following account of 
the reactions that take pla(;c during the oxidation. 

When the mineral is exposed to frc(i ac(U‘HH of air and moisture, some 
ferrous sulphate is formed in accordance with the following reaction: 

(1) FeS, + 70 + 11,0 - FeSO , + U,H( ) , 

This ferrous sulphates be<H)irujH nuidily oxidizenl by the air to ferric 
sulphate, 

■ (2) 2 FeS 04 + H,S0,+0-l‘X(8(),), f 

and it is due to the reaction of this ferri(5 Hul|)hate on the copper sul[)hides 
that the copper is rendered soluble, as is hIiowu by thc^ follcywing chemical 
equations: 

(3) Fe,(SO ,) 3 + Cu,S CuSO , 4- 2FeSO , + CuS. 

(4) Fe^CSO ,) s + CuS + O j + 440 = CuSO , + 2Fo80 , + H^BO , 

The reaction No. 3 takes place fairly rapidly and causes half the copper 
to go into solution within a few months, while reaction No. 4 proceeds 

»C. H. Jones, Trans. Am. Inst. Min. Engs., Vol. XXXV, 1905. 
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much more slowly, and requires, under the most favorable conditions, 
about two years to extract 80 per cent, of the remaining half of the 
copper. 

In the laboratory at Rio Tinto a method has been worked out to 
determine the state of combination of the copper in any particular min- 
eral. This method depends on the action of the mineral on various 
solutions under constant conditions of dilution and temperature, and, 
though necessarily somewhat arbitrary, it shows with considerable 
accuracy the form of the sulphide in which the copper exists, and conse- 
quently whether the copper can be readily extracted by washing in 
heaps. 

In practice the method adopted to bring about the desired oxidation 
is as follows: A site is chosen for the formation of the heap where the 
ground is sufficiently concave and sloping to enable the copper liquor 
that is formed to collect and run out at the base of the heap. On the 
ground is first arranged a net work of air flues, made of rough stones and 
having an internal diameter of 12 in. Vertical chimneys, 50 ft. distant 
from one another, are built in the same manner and connect with the 
ground flues. Care is taken that the mouths of the ground flues are kept 
open and not covered by ore. The mineral, the lump portion of which 
has been passed through jaw breakers to be reduced to pieces not larger 
than from 2 to 3 in. across, is now tipped from side-tip wagons at the 
highest part of the selected side over and around the stone flues. Lump 
and fines are alternately dumped until the height of the mass at the edge 
is about 30 ft., the upper surface of the mineral being kept level. A heap 
of this form approximately contains 100,000 tons of ore. 

As the mineral is added, the building of the stone chimneys keeps pace, 
in order to have a clear opening to the top of the heap. The surface of 
the heap is formed- into squares by means of ridges of the mineral, the 
size of these squares depending on the porosity of the heap. The func- 
tion of these ridges is to enable the water to be run on locally over the 
surface of the heap in order to insure that all parts are equally washed 
and that the water does not run through the heaps in channels. A 
system of gutters is also arranged so that the water can be run on to all 
parts of the mass. As the heap is being formed, water is run on and the 
eopper sulphate existing in the mineral is extracted; also, the water 
provides the moisture for the oxidation to take place in accordance with 
the equations given above. The mineral in the heap is then allowed to 
oxidize, which it does pretty rapidly, as evidenced by the heat produced, 
the temperature in the chimneys rising to from 170 to 180° F. As the 
temperature increases, the surface openings of the chimney may be 
closed in order to allow the oxidation to spread through the heap. The 
surface gradually shows a brownish coloration, due to the dehydration of 
the buff-colored basic ferric salt that forms on top of the mass, and its 
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gradual heating up may be noted by this drying action. The greatest 
care must be taken not to allow the heaps to fire, for if once started it is 
very difficult to extinguish. When the oxidation has proceeded as far as 
it is safe to allow it, water is run on at the rate of about 50 cubic meters 
per hour, until the soluble copper is leached out. The heap is then allowed 
to reoxidize and the washing is repeated. After about a year has elapsed 
the surface requires retilling,” and the squares are rearranged so that 
the places where the ridges were before are now the middle of the squares. 
The gutters also are shifted. At the edge of the heap for a distance of 
some yards the mineral, which has become cemented, holds a consider- 
able quantity of copper salts and is dug down into terraces in order that 
this copper may be extracted by washing. 

When the copper is reduced to 0.3 per cent, the heap is (ionsidered 
washed and the mineral, containing 49.5 per cent, of sulphur, is removed 
and exported as ''washed sulphur ore” and used for the manufacture of 
sulphuric acid. 

Successful heap washing depends on the efficient vcuiitlation of the 
mass, the trouble usually being a too great excess of fines produced in 
mining the ore, whieJx cement hard and clog up the air passages. 

The copper liquor as it runs from the heap contains some ferric iron 
in solution,which as will be sliown later, is very objectionable. In order 
to remove the ferric iron the licpior is run over a smalhu’ heap of fresh 
mineral known as a "filter bed,” wliicdi reduces tlie f(U*ric iron. This 
"bed” is laid inside a r(‘.servoir fornuHl by a masonry dam across a small 
ravine, and the licpior after p(»r<;olating through the mineral remains in 
contact with it until it is rccpiired to be drawn off to the precupitating 
tanks. When the mineral is fresh the reduction of the ferric iron takes 
place rapidly, due to the CugS, as shown by equation 3, but the iron 
pyrite itself has an effective rculmung action on f<UTic iron in solution 
according to the following ecpiation: 

(5) 7Fe,(SO,) d-FeH^ + 811^0 - 15FeSO, + 811,80,. 

The principal (constituents of the liqxior as it ent(crs the cementation 
tanks are as follows, th(‘, figures given representing the grams per cubic? 
meter or units |)er million parts: Copper 4()0(), ferric iron 1000, ferrous 
iron 20, 000, fr(?e sulphuric acud 10,00(), and urmmio 300. The large 
quantities of ferrous iron and free suli)huri(? acid pn-scuit are due to the 
fact that the waste licpior from the cementation tanks after the copp(?r 
has bcien precipitated, is pumped back and used for washing the heaps in 
addition to fresh water, and conaeqiKmtly th(?so solutions tend to become 
concentrated. The liquor is then run from the reservoirs at about 300 
cubic meters per hour through the precipitation tanks over pig iron in 
order to precipitate the copper in the form of "cement copper.” These 
cementation tanks arc arranged in scries on the slope of a hill, the liquor 
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Fig. 46 .— Rio Tinto leaching plant, Spain. View showing copper precipitators. 
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passing backward and forward until it is discharged from the lowest tank 
of the series free from copper. 

Each series consists of three tanks in parallel arranged so that the 
liquor can be divided and passed along as many tanks as necessary, 
depending on the quantity of liquor that is being run through and on the 
varying temperature of the licpior with different seasons, the hotter the 
solution, which in summer reaches 100° F., the faster the rate of precipita- 
tion. Each tank is al)out 320 ft. loixg, 5.5 ft. wide by 2.25 ft. deep, and 
has a slope varying from 2 per 1000 in the first scries to 11 per 1000 in 
the last, the reason for tlie iiuri'caisc in slope being, that as the liquor 
becomes impovcrisln'd in (topper the free acid present is more active in 
wastefully dissolving the pig iron — an action which is considerably 



Fig. 47.~l{io Tinto InK-hini*; {ilaiiti, Spiiiii, view of inhuvnil licups, copper 

liipiur tliua, uiid procijiildiliiig (jinks. 

(liiniiiLslKul liy ilu^ vidocity of tlio liquor by meaiiB of the in- 

creased slope of the taiiliH. Tlic tanks themselves arc made of 9X3 in. 
hoards attaeluid to -vvoodmi frames sot in cement, the space between 
parallel tanks being; fillcHi with stone and cement, constituting a wall 
supporting the sidles of t.hc tanks. Fig. 40 shows the method of removing 
the cement cojijxa’ and Fig. 47 a general view of the mineral heaps, 
copper liquor dam and prindpitating tanks. 

No metal is used in t-lio tank construction, hard wood pegs being em- 
ployed to attach the boards to the frames. The spaces between the boards 
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are carefully caulked with oakum and pitch in order to render the tank 
water-tight. At each end of the tank is an arrangement by which a door 
can be dropped in and luted so as to cut out that particular tank, and there 
are also wooden plugs that can be removed so that the liquor from that 
tank can be run off, thus allowing for the removal of the precipitated 
copper. A few old boards are placed on the bottom of the tanks for 
their protection and on these are piled up the pigs of iron which are laid 
across the tank at the bottom, the next layer being at right angles to the 
first, and so on until the tank is filled; each foot-length of the tank con- 
tains about one ton of iron. The liquor is allowed to run through the 
system of tanks and needs no attention except to remove the precipitated 
copper and to add fresh iron. The “salida^^ liquor containing from 15 
to 20 grm. of copper per cubic meter is allowed to run to waste, for the 
reason that about this copper content the amount of iron required to 
precipitate the copper equals the value of the copper recovered. Daily 
some of the tanks are cleaned out by being closed as descidbed above, the 
liquor meanwhile passing down the other tanks of the series; the liquor 
is run off into settling tanks, any copper in suspension being recovered; 
all of the iron is removed from the tank and piled on to the dividing wall, 
at the same time the copper adhering to the iron is knocked off and thrown 
back into the tank. The dirty-Iooking precipitate is then transferred to 
the cleaning and concentrating plant, the iron is replaced in the tank 
and the liquor again allowed to run through it. This crude precipitate, 
containing about 70 per cent, copper, is thrown, a little at a time, on a 
perforated copper plate at the head of a long launder or tank and is 
washed through the plate by a strong stream of water from a small 
nozzle. The material that does not pass through the screen consists of 
leaf-copper and small pieces of iron; this material is thrown into a heap 
and afterward sorted over by girls who remove the pieces of iron. The 
precipitate that passes into the launder is repeatedly turned over against 
the stream of water and by this simple means a concentration is effected. 

The first few yards of the launder contain a red precipitate known as 
“No. 1 precipitate”, containing 94 per cent, copper and less than 0.3 
per cent, arsenic; following this is “No. 2 precipitate” containing 92 
per cent, copper and between 0.3 per cent, and 0.75 per cent, arsenic, 
while below is the ''No. 3 precipitate”; this is in a state of very fine 
division and contains on an average 50 per cent, copper and 5 per cent, 
arsenic. This last named portion, which carries all the graphite from 
the pig iron, contains the bulk of the antimony and bismuth that is also 
precipitated from the liquors. Classes No. 1 and No. 2 are removed to the 
drying sheds and bagged for shipment to the refinery; the No. 3 precipi- 
tate is removed, moistened with acid liquors, made into balls by hand and 
dried in the sun. These balls become cemented hard and can be readily 
transferred to the smelter, where they form part of the charge for the 
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blast furnaces and are run down to matte to be subsequently bcsserincrizcHl , 
thus effectively removing the arsenic, antimony, and bismuth they con- 
tain. The reactions that take place in the cementation tanks are given in 
equations 5, 6, and 7. 

The first reaction that occurs in the liquor running over metallic iron 
is the reduction of the ferric sulphate to ferrous sulphate, the final result 
being in accordance with the equation: 

(5) Fe^CSOJa+Fe-SFcSO^. 

This action causes the consumption of the ])ig iron without any v.ov- 
responding yield in copper, and consequently should l)e avoided as far as 
possible by having all the iron in the ferrous condition. The second 
reaction is the precipitation of the metallic copper, brought about l)y 
galvanic action. The iron becomes coated with copper, and thus tlie iron 
and copper in the acid liquor constitute a galvanic couple with a consider- 
able difference of potential. It is duo to the electrolytic action that the 
copper and all other metals present that are ckictro-negative to iron will 
be precipitated. The ultimate action of the preci])itation may bo chemi- 
cally expressed by the following equation: 

(G) CuSO , +Fe - FeSO , Cu. 

Besides the reactions above mentioned there is one which caiiHOS the 
liberation of hydrogen, as evidenced by the bu])])l<‘H of ga-s that may be 
observed to arise in the tank liquor. This action, which c,a\ises a wast(^- 
ful consumption of iron, may be expressed as a final n^sult by tlie follow- 
ing equation: 

(7) Fo + ILS0,-Fe80, [■ 2IT. 

These three equations constitute the main reactions tliat take place in the 
precipitating tanks. 

While the liquor is fairly strong in (‘.opjx^r, the copper is mostly 
precipitated in a coherent form, but in tlu^ latcvr stages, as the licpior 
becomes impoverished it is precipitated in a powdeuy state— a condition 
which is more effective in its galvanic ac.tion with the iron, and thus 
unfortunately causes a larger precipitation of arscmic and other impuri- 
ties than in the earlier stages. In the laku* stagers also tlie solution 
reaction, of iron and sulphuric acid as given in equation No. 7 goes on to 
a proportionately greater extent than does the prc(;ipitation of the cojqier, 
and consequently the cost of pig iron in precipitating the copper varies 
inversely as the quantity of copper in the lie i nor. 

By keeping careful watch on the reduction, as far as possilile, of the 
ferric iron before the liquor enters the tanks, and by giving it sufficient 
velocity through the tanks, a strongly acid liquor such as given above 
during a years' working will not consume more than 1.4 units of pig iron 
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(containing 92 per cent, iron) to 1 unit of copper precipitated. A valu- 
able check on the iron being consumed can easily be kept by the labor- 
atory, by analyzing the liquors before entering and after leaving the 
tanks, and from these analyses the quantity of iron that is being con- 
sumed can be calculated. 

The following table ^ gives the analysis (in grams per cubic meter) of 
the entering and outgoing liquors of the precipitation plant at Rio 
Tin to: 


i Entering 

1 

1 Leaving 

Entering 

Leaving 

Copper 

2,710 

10 

i 1 

; 2,780 

19 

Ferrous iron 

13,908 

17,202 

14,030 

17,934 


610 


732 


Free acid 

4,874 

4,120 

4,001 

4,349 

Total solids 

70,872 

60,662 

71,080 

72,834 

Specific gravity 

10.5.818 

105.718 

105.001 

105.972 

Consumed iron 

1.2(>tolCu 


1.26 to 1 Cii 



The best results are obtained wlum the solution is slightly acid, as it 
tends to accelerate i)recii)itation and prevents a falling out of basic salts 
of iron while the precipitation is going on. 

At Tharsis the inclination of the precipitating tanks is as follows: 


For t.he first -lO per of the copper, 1 in 200 

For tlie iK^xt 30 p(?r cent, of the coppiT, 1 in 1 50 

For the next 20 per cent, of the copper, 1 in 100 

For the remaindfT, 1 in 50 


At Rio Tinto and Tharsis, 1.4 units of pig iron containing 92 per cent, 
iron are consum<Ml on an ave^rage, per unit of copper obtained. Both at 
Rio Tinto and Tharsis the licjuor traverses about 3 kilometers before all 
the copper is precipitated. Sixty per cent, of the copper in the liquors 
is precii)itated within the first 700 mentors of the tanks. Over 70 per cent, 
of the preci|)itate contains more than 94 per cent, copper. 

The following points have been established by the practice at Rio 
Tinto: 

1. The complete analysis of the solutions both before and after 
treatment is essential to prevent undue consumption of iron. 

2. Free acid to be eliminated as much as possible. 

3. Mechanical contrivances will, in a measure, overcome these diffi- 
culties. The inclination of precipitating tanks and consequent velocity 
of current should be in inverse ratio to the amount of copper present; 
the less the copper and the greater the free acid and ferric iron, the 
greater inclination necessary. 

H, Probert, Mining and Scientific Press^ January 4, 190$. 
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4. As large a surface of iron should be exposed to the liquors as 
possible. 

5. Aeration of the liquor by tumbling through the air is olqectionable, 
since it has an oxidizing effect and so increases the (‘-onsiimption of iron. 

6. In the course of the flow of the liquor through tlie prec‘,i])itatirig 
tanks there is a place where the cost of iron exceeds that of the value of 
the copper obtained. 

7. The warmer the liquors, within certain limits, the faster is tlie 
precipitation of the copper. 

M. P. Truchot, chief chemist, Huelva,' estimates that to extriic.t co|)- 
per by natural weathering alone, 20 years would luatessary; roasihig 
destroys the vegetation of the co\intry; there tluux'forc' rcunains the wet 
methods where the reactions may be hastenuid by tluj use of a, 3*egulat(Hl 
supply of air and water. In preparing the h(aq)s for oxidizing k^acthing 
of the copper, the fines amount to 80 p(u- cent.; i-he lumps, 20 per cent. 
The two grades are placed in alternate laycu’s and tln^ i,oi> of t,he luaq) 
finished with fines, to prevent too rapid filtration. Practices vaia(\s as to 
the temperature of the heap, which may be a-s liigh as 82 to 00'^ C. whores 
it is sought to promote oxidation and to inc;rease the rat(^ of kaudiing, 
while in other cases, the tenqxu’ature is net alkmaxl to (^X(aH‘d 30 to 
32° C. Since the higher tempeu-ature is (la.ng<u*ous, one of no more than 
45 to 60° C. is rccommend(Hl. 

It takes 6 to 7 years to (axhaiist one of th(‘S(^ lu^aps of 1 00, 000 tons; the 
exhausted ore then contains 0.25 to 0.30 pen* c(mt. of cop])(u-. more 

permeable copper schists leach more rapidly, how<w(‘r, taJving but thrive 
or four years. While the oxidation of c,halcopyrit(^ proccMuls l)ut slowly, 
the rate can be increased by fiiudy pulvcuizing it and distribui.ing it 
throughout the pile. 

The copper solution from tlu^ luuips vari(‘s from 0.015 to 0.5 or (w<*n 
0.6 per cent. Cu. It is of a reddish-greem color c.ord-aining fcuric and 
ferrous sulphates, free sulphuric a(ii<l, (‘.<)[)p<u’ sid|)hat(q and otlnu* salts. 

When the water supply is abumlant, and the fre(^ acid is consc*:- 
quently low, the consumption of pig iron vari(‘s from 1.3 to 1.5 tons p(^r 
ton of copper precipitated. This seldom ocuuirs, how(W(‘r, and g(vnerally 
there is needed 1.75 to 2 tons per ton of copfxu* (u\tra.(‘,ted; that is more 
than double the theoretical c[uantity. 

Treatment by Heap Roasting and Leaching.-™-] nst,(uid of ext,racting 
or treating all the material by w(;ath(U’ing, th(‘ (‘xtj*actIon of tlu^ co|)|xt 
may be expedited by first giving the heaps a slow roast, l)y which process 
much of the copper in the cuprikirous pyrites is (‘.ott verted into sulphate 
and can readily be leached. The production of svdphate of (topper l)y 
slow heap roasting can only bo used on ores that (contain proportionatedy 
large amounts of iron pyrites and small amounts of copper pyrites or 
Echo des Mines et de la Metallurgie, 1906, p. 482. 
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other copper sulphides. In the slow and imperfect roasting in heaps or 
stalls not all of the copper sulphide will be converted into sulphate; 
a part will always remain unaffected, and another part will be trans- 
formed into oxides. In order to extract as much copper as possible from 
the ores, after the roasting has been finished and the sulphate of copper 
leached out, the ores are allowed to \veather, as for the fresh or unroasted 
ores, already described, whereby in tlie course of time the copper is con- 
verted into sulphate, by natural weathering. 

The production of sulphate of copper by roasting, followed by weath- 
ering of the leached roasted ore, was used for a long time at Rio Tinto, 
in Spain. According to Schnabel,^ the ores thus treated were cuprifer- 
ous pyrites with 11/2 to 2 percent, copper; these were slowly roasted in 
heaps of 200 to 1500 tons upon a bed of brushwood, firewood or coals. 
The 200 ton heaps were liemispherical, 2G ft. in diameter at the base and 
11 ft. G in. high. The larger, 1500 ton heaps were elliptical in plan, the 
longer axis of the ellipse being 55 ft. 9 in., and the shorter axis 32 ft. 
10 in.; their height was also 11 ft. G in. Air was admitted by means of a 
system of chanmds traversing the heaps. The smaller heaps burned for 
two rnontlis, tlie largcu' ones for six. To roast 100 tons of ore rec|uired in 
the small lieaps 27 cai. ft. of wood and in the larger ones 9 cu. ft. The 
yield of c(.>pi)er was greatew in the small heaps than in the larger ones. 
The roasted ores were leached for 50 hours by which means the copper 
present as sulphate was washed out of tlicrn. The exhausted residues 
still (contained 0.1 to 0.5 per cent, of copper, chiefly as sulphide, to extract 
which tlie ores were allowed to weatlier. AVith this object they were piled 
on a system of horizontal fines built of dry stone, that air could circulate 
tlirough tlu^ pil(^ of ore. The vertical fliuis were continued in proportion as 
the heaps got higher by thc^ piling on of additional ore. As soon as the 
damp lieap had iT^acduai a <‘.ertain height, the sulphides began to de- 
(a.)mpose, as was shown by the rising temperature. By checking the air 
sui)ply it was k<!:pt, if possibk^, from rising so high that the heap took fire. 
From time to timci, the lieap, or a portion of it, if it was a large one, was 
hutched out, and the licpior conducd.ed to the X)re(dpitating tanks. The ex- 
haustion of the lieaps, -which were continually l)eing increased, and which 
may reach 500,000 tons, will not l)c comj)lcted in measurable time, as, in 
spite of frequent leaching, the weathering proceeds very slowly. It is 
even held that these liuge heaps will still be producing sulphate of 
copper long after the mines shall liave been worked out. 

The cost of producing copper at Rio Tinto, Spain, by heap roasting 
and leaching, is stated to be about $1.55 per ton, divided as follows: 
Mining 89 cents, roasting about 18 cents, including labor in building 
heaps, etc., precipitating and collecting about 56.6 cents. Sixty-six tons 
of ore were required to produce one ton of metallic copper, 

^ Handbook of Metallurgy, Vol. I, p. 212. 
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Tlie cost of producing one ton of inctallici copper by the cementation 
process as carried out there is about $144.00. 

The first cement copper was produced in Spain at Rio Tinto, in 1752 
from heaps of low-grade sulphide ore that had undergone decomposition 
through natural processes. The copper was leached out hy water, the 
metal being precipitated on iron. It was first thought to be merely a 
coating of copper on the iron, but it was found if left long enough, the 
replacement became complete. 

ELIMINATIOIl OF ARSENIC, ANTIMONY, AND BISMUTH. 

Atmospheric Oxidation, Without BurnimjA — In atmospheric oxidation 
of cupriferous pyrites, and subsequent extraction of copper by lea(*]iing, 
as carried on in Portugal and Spain, arsenic and antimony are to some 
extent dissolved and precipitated with the coppevr. The propoii.ion in 
which they are separated and precipitated is only a frac.tion of the 
amount contained in the ores, as shown ])y tlu^ following ta})les l)y 
Allen Gibb: 



Pyri 

Per cent, 
actual 

t(».S 

P(!!r cent, relalivi* 
Cii 100 per 
cent. 

Prec 

Per (aMjt. 
actual 

sipit ate 

Pi‘r relative 

( lu 100 inn- 
(.•(nit. 

i 

'I’otal p(‘r (nnit. 
of (‘'liminalion 

Copper 

2.00 

100.0 

02.0 

100.0 

I 

Arsenic 

0.40 

20.0 

0.5 

5 64 

71 .8 

Antimony 

O.OH 

1.5 

0 08 

0.129 

91,4 

Bismuth 

0.016 

O.S 

0.06 

0.097 

87.9 


Burning and Subsequent Washing. — ^In this pro(‘,eHB largely us(ul in 
Spain and to some extent in Portugal, for tlu^ extraction of copper from 
cupriferous iron pyrites, there is a considerablii elimination of arscmic^, 
antimony, and bismuth in burning. The bdlowing table, by Gibb, may 
be taken as fairly typical of lu'ap roasting, pr<‘parat.()ry to haiching, as 
conducted in Spain. 



liaw PyritcH 

Burnt Pyrili'H 







Total p<»r cent 


Per cent, 
actual 

ftcsnt. relative 
Cu®* 100 per 
cent. 

Per cent 
actual 

Per C(’!nT,. riilative 
eu*«i(K) pt'f 

of elimination 

Copper 

2.45 

100.0 

3.32 

1(K).0 
i 4.08 


Arsenic i 

0.43 

17.55 

0.133 

76.8 

Antimony f 

0.029 

1.18 

1 0.030 

0.92 

22.0 

Bismuth 

0.015 

0.61 

i 0.017 

1 

0.52 

14.8 


'Allen Gibb. Trans. A. T. M. E. 



:m hydrometallurgy of copper 

CHLORIDE PROCESSES 

The chloride processes have Irccii viihdj applied to tlio extraction of 
:copper from its various ores. Ilydrocliloric acid, ferric and ferrous 
chlorides, are the solvents usually employed. ^ 

Hydrochloric acid presents certain advauta,i;-es over sulphuric acid in 
the technical operation, but is usually more expensive, especially in 
copper mining districts. Sulphuric acid, m Ihe process of 'operation, 
'forms ferric sulphate, which rvhen exposial to the air is decomposed into 
basic sulphate of iron and free sulphuric acid, conse<iuently consum- 
ino- more'iron in the precipitation of the copixu-. Hydrochloric acid is 
des's apt to form basic salts and thered'ore yield solutions that contain but 
■little free acid, and which, accordingly, rcfpiiiv less iron for the precipita- 
tion of the copper, than do solutions cout aiiiirii*’ fcu-i-ic sulphate. On 
•the other hand it attacks oxide of iron nion^ energeticuilly than docs 
•sulphuric acid, but the ferric or ferrous chloiide so fornicd' is more likely 
'to be precipitated out of the solution as the insoluble ferric oxide, than 
from a sulphate solution. 

Ordinarily only oxidized orc^s ixvo a]>])li(*a])Ic* 1 o treatment by a chloride 
process. The copper iiiay be dissolvcul (uthor l)y 

Hydrochloric, acid, or 
Metal chIorid(‘. 

The acid, however, is tln^ sohauit usually eiiiploy(‘d. The chlorides 
have been used as solvenis on lioih oxi<le aiui sulphides ores l)iit on 
sulphide ores the action has Ixaui too shnv toi* profitabh^ apjilicaition, 
although both ferric and ferrous ch!ori<l<‘s wcn‘ (‘xi(‘nsiv(‘ly used at 

one time. 

Hydrochloric Acid. — If iron is us<‘d as tlu^ ])r<‘ci|>i1n.nt, as it usually 
is, the hydrochloric acid ■|)roc(‘ss consisis (^sstuit icily ol ap]>lying; dilute 
hydrochloric acid to tlie oxidi/axl <u'{‘S ol copp(U\, wliich nxicts with the 
copper oxide thus: 

CuO l-2llCI-(!u(‘L hi Id) 

to form cupric chloride. Sonu*. cuju'ous cdiloridc^ may also ho lormcd: 

The cupric chloride thus fornuxl is filt.cuxMl froiti t.lu‘ ore and pre- 
cipitated with iron, thus: 

Cu(l,^fF(^-Fe(1, iVn 

the iron and copper ehang;ing: ])lac<‘S. d'lu^ r'ojjpc'r is pn^cipitated while 
the iron goes into solution as ferrous (diloihh*. 1’h(‘or(!t,ic.ally the same 
amount of iron is required to ])re(‘ipitat{‘ a pouml of copp<‘r from cupric 
chloride solutions as from (Uipric sulphat(^ solutions ll). of iron to 

precipitate 63.6 lb. of copper. In ])ractic(‘, how<*vcr, it will usually take 
less for chloride than for sulphahi solutions. If the copper in solution 
is in the’ form of cuprous chloride, only half the amount of iron is required 
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as that used when the copper is in the form of either eu|)ric chloride or 
cupric sulphate. 

If hydrochloric acid is used as the solvent is i,a,k(\s th(a)r(‘ta(*ally 
approximately O.G lb. of acid to extract 1 li). of (*op|)(a- a,s (uij)roiis chlorich^, 
and 1.1 lb- as cupric chloride. 

In practical operation, much more a(ud is najuircal, tlu^ a, mount 
depending largely on the nature of the ore. The th(jor(^ti(atl aanoinit of 
acid given to react with the co]^per, is supposed to ])e tlu^ piux^ a(a(l, frcai 
from water. Commercial hydrochloric acid, is the IHU dissoivcal in 
water, so that in estimating the commercial acud required, it will be 
necessary to first know the acid content, which can be d(vtermin(‘d from 
its specific gravity. 

Concentrated HCl+Aq loses IKU, and dilute llClT A([ losc's wat(u* 
on warming, until an acid of constant composition is fornaal, coid.aining 
20.18 per cent. IICl with, a spec,ilic gravity of .1.101 at ITP C., which (am, 
be distilled uncliangxal at 110° C. Comaud, ratcal llCl-hAq gra, dually 
gives off HCl on the air until it has a s})ecilic gravity of 1.128 a,t 1;V^ (t, 
and contains 15.2 ])(U- cent. lICl. In haudiing co])p(‘r orcis, only veuy 
dilute solutions of hydrochloric acid ar(^ usually (unploycal, ra,rely (‘.vxand- 
ing 5 per cent. IlCl. 

In Stadtborg, West])halia, hydrochloric a,cid was fonmuly uscal to 
extract copper from orc'.s (*onta,iniiig from 1 i,o 2 p(‘r c,ent. (uippcua ‘ Tln^ 
leaching voss(ds wevro na^t.aaigular ta.nks of wood d fl,. 1 1/2 in. high, 
pack(3d in a bed of chiy 1 ft. 3 in. thick, tlnui filt<‘(l with a, grading of 
.wooden l)ars, U])()n which tlui oni was })il(‘d. Tin* first l a.nks Indd 29 tons 
of ore, but those crec,t<al af(.(5nva.rd .ha,d aca.])a,ci(y of 90 (,ons. All the 
tanks wcu-c situated on a. 1(‘V(1. Tln^ liaiching was nicd hodicad ; on^s 
nearly free from co])]Hvr b(‘ing (,r(‘a,t(al with fresh hydrochloih*. a,ci(l of 12 
do 13° B-, as obtaimal from soda works, whih^ fr(‘di or<‘ wa,s l,r(ait(‘d 
with partially saturatcal soluMon until i\u) lalliu- was fully sa.t,ural<Ml, 
which took plac(3 at 19 to 2(r Ik '’Fln^ vairious solutions w<u*<‘ allouaal 
to remain 12 hours in (a*ich ta.idv, tln^ sa,tural,io{i polid, Ixung naiclnal in 
10 to 12 days. Tin^ solution wa,s (urcuial.od l>y ima'ins of ])Uinps and 
bucket wheels. Afl,(vr i,lu‘ solution ha.d ])(‘rcola(,(‘d tlu'ough. tln^ orc's, it 
ran out through a ])Iug hoh^ to vvdii(!h tlu^ bottom of llu‘ ta,nk was in- 
clined, into rec(uvca*s, wluuico ii, was a.galn liflod to its |)rop(‘r tjink. 
The exhausted on^ was alio weal to lic^ for anoilna* 12 to 15 hours in wal,(vr 
and was then waslual for 12 Imurs more*. F'nsh a,ci(l was diluttal wit,h a 
portion of the mother-licfuor. l‘h>r taich 190 ]nirl.s by wcught of (arp])(u*, 
550 to 700 piirts of hydrochloim^ a.<‘id 12 t(» 15° H., wtua^ (un])loy(al. 
This process r(q)lac.(al the sul])hun(‘ acid ha’udung, pr(!vi<Hisly (un])l<)y(ai 
but was later abandoned when tlie (uirbonatcs of th<i or(i w(.u’() r(V{)Ia,c(al 
with sulphides in depth. 

^Schnabel Handbook of Metallurgy, Vol. I, p. 200. 
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At Twiste, in Waldeck, attempts were made to leach malachite and 
azurite copper ores occurring in the Bunter Sandstein (Lower Trias) and 
containing 1/2 to 1 per cent, of copper, by means of hydrochloric acid, 
but had to be abandoned because the ores contained from 1/2 to 1 per 
cent, of lime which was dissolved by the acid before it attacked the copper. 

Ferric Chloride, EeCla. — ^Ferric chloride, like ferric sulphate, has the 
property of dissolving copper from its oxide, carbonate, and sulphide 
combinations. If the sulphides of iron, copper, lead, zinc, arsenic and 
antimony are treated with a hot solution of ferric chloride, the minerals 
are more or less decomposed, and the respective metals go into solution 
as chlorides, usually with the liberation of sulphur. Hydrochloric or 
sulphuric acid, added to the solution, aids the reactions. Silver is con- 
verted into chloride by the action of ferric chloride. Gold remains 
unaffected. 

If ferric chloride is used as a solvent for ore containing the copper as 
cupric sulphide (CuS), cupric chloride is produced and the ferric chloride 
is reduced to the ferrous chloride: 

CuS + 2 FeCl 3 = CuCL 4- 2FeC4 -{- S. 

If the copper mineral contains the copper as cuprous sulphide the 
reaction will result in the formation of cupric and cuprous chlorides; 

Cu.,S + 2 FeCl 3 = 2 CuCl + 2 FeCL, + S 
Cu^S -f 4 FeCl 3 = 2 CUCI 3 -{- 4FeCl, + S. 


With a neutral solution of ferric chloride, the reaction with copper 
oxide is: 


3CuO + 2 FeCl 3 = SCuCl^ +Fe 203 

although some cuprous chloride may also be formed by the reduction of 
the ferric to the ferrous chloride, and the subsequent reaction of the 
ferrous chloride on the copper oxide. If the solution is somewhat acid, 
the ferric chloiide will be reduced, but the ferrous chloride will not be 
precipitated to any great extent. With copper carbonates the reaction 
is much the same as for oxides, except that carbon dioxide is liberated 
in the reaction. 

In reacting with sulphide ores, the ferric chloride is reduced to the 
ferrous chloride, but the ferrous chloride does not further react with 
the copper sulphides. In any event, the sum total of the reactions may 
be considered to be the reduction of the ferric to the ferrous chloride, 
with the formation of cupric and cuprous chlorides. 

The copper may be precipitated with iron: 

■ CUCI 3 -fFe =Cu +FeCl 2 , 

2CuCl+Fe = 2 Cu+FeCl 3 , 
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ferrous chloride being formed. If ferric chloride exists in the solution 
during precipitation with iron, it will be reduced to ferrous chloiide at the 
expense of the iron. 

The ferrous chloride, after precipitation of the co])])er, may be re- 
generated back to ferric chloride by tlie action of air, (^lih:)rine, or hydro- 
chloric acid. If the neutral ferrous chloride is regcviun-tii-ed l)y agitation 
with air, some of the iron is brought into the condition of Ijasic salts, and 
much is precipitated as the ferric oxide. 

GFeCL + 03 = 4FCCI3 +FC3O3. 

From this equation it is apparent that one-third of the iron is pre- 
cipitated from the solution as the insoluble ferric oxide in orckn* to j'aise 
the remaining two-thirds to the ferric condition. In addition to tlie 
precipitated ferric oxide tliere may be formed, in md-ural solutions, in- 
soluble oxychlorides, and these necessitate a further loss, ])()th of iron and 
chlorine. If, however, iron is used as the pr(uuj)ita,nt, large amounts of 
ferrous chloride are produced which maytlum ])e ])rought to tlu^ fcuTic 
condition for reuse as a solvent, and the loss of iron as f(U’ric oxide or 
oxychloride, is not a serious matter; in fact an elimination of a certain 
amount of the iron is an absolute nec.essity. 

If the ferrous chloride solution is n^gcuuu'ated with (chlorine, oxy- 
chlorides are not formed, although some ii’on may Ix^, priuujritat.ed as f(U- 
ric oxide. The chlorine may bc^ produccul (uther (dunnicuilly or elec.- 
trolytically, by any of the well-known nudJiods. The chlorine combines 
directly with the ferrous chloride to prodma^ tins ferric cliloridc; 

FeGL,-}-(,U-Fe(:i3. 

The solubility of copper from sulphide on^s wiili ferric chloride solu- 
tions, depends much on the way the co])per is mineraiogit^ally combiiual. 
The copper in the form of cluihuxuU^ is much, more readily soluhlci tluin 
in the form of chalcopyrite, while gray copixu- nunains (jiute imaffectcHl. 
Careful roasting at a low tenqxirat.uro makes the coppeu-, in any of its 
sulphide combinations, readily solubh^, l)ut wlien roast, < hI at a high 
temperature, the copper is (|uite insoluble eitluu* in acids or solutions of 
ferric salts. This is doubtless due to the formal, ion of silicates and of 
ferrites. 

Doetsch Process.— Ferric eldoridc acts on cupric and cuprous sul- 
phides to form cupric and cuprous (diloridi^s, whihj thc^ fcjrric; (;hlorid<^ is 
reduced to the ferrous condition. The reactions may bo expressiKl tlais* 

CuS +2FeCl3- CuCl3 + 2FeCl, hS 
Cu,S + 2FeC4 = 2CuCf -f 2F0CI3 R. 

On these reactions are based the Doetsch Process, formerly used ex- 
tensively at Rio Tinto in Spain. The ore thex'o treated contained on an 
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average of 2.7 per cent, copper. The copper passed into solution while 
the pyrite was practically unaffected in the leaching operation. The 
process has the advantage of reducing the waste of iron in the precipitating 
tanks by avoiding the formation of ferric sulphate. In this way one ton 
of copper precipitate was obtained with an expenditure of about an 
equal weight of iron. 

In the process as carried out at Rio Tinto the ore was crushed to 
about 1 /2 in., mixed with 0.5 per cent, common salt and a like amount of 
ferrous sulphate, and built into large heaps. These hea])s were from 12 
to 16 ft. high and 50 ft. square at the base. A solution of ferric chloride 
was run in a continuous steam upon these heaps. 

It took about four months to extract 1.34 per cent, of the copper, or 
50 per cent, of the total copper content. After two years 2.20 per c(mt. 
was extracted or 80 per cent, of the contained copper. The final loss 
was about 0.48 per cent. 

The solutions leached through the heaps, containing cupric and cu])- 
rous chlorides as also ferric and ferrous chlorides, were precipitated with 
iron: 


CuCls+Fe-Cu +F(‘C1, 

20ud+Fe = 2Cu+lA4n, 

ferruos chloride being formed. The ferric chloride^, by its action on tlu^ 
ore, is changed to ferrous chloride; small amounts of fca’ric (ddoihle 
may remain unchanged in the solution, but this redacts wit h t Iu‘ iron in iho 
precipitating tanks and may be reduced there to tln^ h^rrous (condit ion. 

To make the process continuous, the fiUToiis cldoi-ichj is re^gcauu-ated 
back to ferric chloride, which is accomplislicd by l)ringing the f{;rrous 
chloride solution in contact with chlorine, in s{U'u])])ing t.owcu’s. 

The solution which ran from the ore luaips (‘ontained 5 to 7 kilogrm. 
of copi)er per 1000 kilogrm., or 1 cu])ic nudeu'. 

The chlorine gas, for the regeneration of tlurferrous chlorid<^ to ferric 
chloride, was produced by heating salt with ferrous sulj>hat(^. in a r(‘- 
verberatory furnace, holding 500 lb. An abundance of air was admit 4 <td 
through the working doors. The ferrous sulphate redacting with salt in 
the presence of air, produces chlorine, sodium sulphate, and ferric oxide. 

2FcSO , + 4NaCl + O 3 - Fc.O^ + 2Na3SO , + 4Cl 

The ferrous sulphate used is found in large cpiantiticB on the shores 
of the Rio Tinto river. The immense heaps of hnv-grach^ ore, Tenures'' 
being leached by natural cementation, also furnish salts of ferries and 
ferrous sulphate. During the reaction in th(^ r(werl)eratory furmica^, 
some hydrochloric acid is formed; this is converted into chlorine by the 
action of manganese dioxide of which there was a certain amount placed 
near the flues of the furnace. 
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The gases from the furnace, consisting largely of chlorine with pos- 
sibly some hydrochloric acid, were conducted to scrubbing towers, where 
they came in contact with the ferrous chloride solution from the precipi- 
tating tanks, and the ferrous chloride reconverted to the ferric chloride. 

The Doetsch process was used both for raw and roasted ore. When 
roasted, the roasting was performed in heaps of truncated pyramidal 
form, 10 ft. high, with a base 20X26.5 ft. for those containing 800 tons, 
and 30X26.6 ft. for those containing 1200 tons. 

At the bottom of the heaps, one transverse and three longitudinal 
flues, about 20 in. square, were formed by the larger blocks of mineral. 
Those were the firing passages, and communicated with vertical chimneys, 
of which there were two in the 800~ton, and three in the 1200 -ton heaps. 
The mass of the heaps was made of lumps a little above nut size. Salt 
was added in the proporiton of 14 tons to 800 tons of pyrites ore. When 
the fire was started with a little wood, it was kept up by the heat of the 
burning sulphur. It was essential that no rich ore was included, as, on 
account of the action of kernel roasting, lumps of rich sulphide of copper 
were formed which could not subsequently be dissolved. Some of the 
roasted ore was at times mixed with the unroasted ore, for the extraction 
of the copper with the ferric chloride solution. The reactions between 
the salt and ferrous and ferric sulphates in the heaps maybe expressed 
as follows* 


2FeSO 4 + 4NaCl + O 3 + 2 Na 2 SO ^ + 4C1. 

Fe^CSO 4 ) 3 + 6 NaCl -}- O 3 =Fe 203 + SNa^SO 4 + 6C1. 

The chlorine liberated, acting on the iron and copper sulphides, prc)- 
duces ferric and cxipric chlorides. There are therefore present, FeS 04 , 
Fe 2 (S 04 ) 3 , CUSO 4 , FeClg, and CuCla, with an excess of salt, which changes 
the ferric sulphate into the ferric chloride. 

An interesting modification of the Doetsch process was for some time 
carried out on a very extensive scale at Naya, close to Rio Tinto. In 
this method, the heaps, made in the ordinary way, as soon as they began 
to give off sulphurous fumes, were covered up with a fresh quantity of 
mineral, partly raw, and partly roasted, to which 2 to 3 per cent, of salt 
and a similar proportion of manganese dioxide has been added. The 
whole was formed into heaps 26 ft. high with a flat top, which was divided 
by gutters into squares of 25 ft. The remaining operations were effected 
in the usual way, the heaps being watered at intervals for months and 
years, the copper being slowly dissolved, and collected at the bottom of 
the heaps. It was necessary to break up the surface with a pick at inter- 
vals, to prevent it from becoming impermeable to water. The sulphur- 
ous acid gas in this modification of the process, in the presence of steam 
formed by the heat developed in the heaps, produces sulphuric acid, 
which acts upon the oxides in the crust of the roasted material. The 
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salt and manganese dioxide may, jointly with the sulphuric acid, evolve 
chlorine, forming ferric chloride, which decomposes the sulphides of 
copper and silver. It is also possible that, under the action of heat and 
sulphuric acid, oxygen is evolved which acts directly upon the pyrites. 

The precipitation of the copper, in the Doetsch process, Avas effected 
in a series of tanks, 330 ft. long and 33 ft. wide, divided into 10 parallel 
series, receiving a uniform supply of copper solution. Tlie total length 
was about 1300 ft. with a difference of level of 13 ft., which gave a 
sufficiently rapid flow. Pig iron, as run from the furnace, and scrap iron, 
were used; the scrap iron was put into baskets. Every 10 days the iron 
was removed, and after scraping to collect the deposited copper, it was 
returned to the tanks. The consumption of iron was a little more than 
one ton of pig iron per ton of copper produced. 

The precipitate, as collected, was very impure, containing only 
G5 per cent, to 70 per cent, copper, the remainder being ferric oxide 
more or less arsenical, graphite from the pig iron, silica, etc. After 
treatment with water acidulated with sulphuric acid which dissolvcxl 
the basic ferric arsenates without touching tlic copper, it Avas passc^d 
over 4/10 in. mesh sieves to separate pieces of cast iron. The precipitate 
passed through the sieves Avas Avashed in a current of Avater, Avhere it 
separated, according to the order of density, into “Cascara,’' or cop])er; 
^'Graphita,'^ or particles of coal and graphite; and ‘‘PiKdia,’^ a fine black 
sand. The copper Avas smelted to blister co{)p(ir; the graphita Avas 
smelted with rich ore, and the Pucha aauis made into balls, dried, and 
also smelted Avith the ore. 

The cost of producing copper by the Doetsch process has been esil- 
mated by Cumenge, according to the results Avhitdi he accornplisIi(‘d aJ’t (U' 
a campaign of four months, during which he obtained 224 tons of (anmait 
copper.^ 



Fran<*es 

Cost of leaching, 

SS.Sl 

Precipitation, 

181 . 1(J 

General expenses, 

28.0-1 

Total per ton of ccmient copper, 

293.01 

Or per ton of pure copjxir, 

315 .franc 


or $67.93 


The extraction at the expiration of four months amounted to 1.34 
per cent, of the 2.7 per cent, copper contents. 1.12 ton of irouAvas 
quired to precipitate one ton of cement copper AA'hich is equal to 1 .3 tons 
of iron to one ton of pure copper. 

Dr. 0. Froelich'*^ made some experiments in dissolving copper from 

' Notes sur le Rio Tinto by M. E. Cumenge, A7inaleB des mrnes.Yoh XVCI. 

^ ‘'Metallurgie,^' 1908, p. 206. 
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various sulphide oi'es by agitation with a hot solution of ferric chloride, 
the results of which are given in the following table: 


Character of 
material 


Chalcocite . . 
Chalcocite. . . 
Chalcocite. . . 
Chalcocite. . . 
Chalcopyrite. 
Chalcopyrite. 
Gray copper. 


Extent of 
comminution 


Powder. . 
19-32 in. 
13-32 in. 

5-32. in 
Powder. . 
Powder. . 
Powder. . 


Time leached 
hours 


15 1/2 
24 

66 1/2 
9 

24 1/2 
36 
9 


Copper cont. 
of ore, 
per cent. 


0.94 

0.52 

7.6 

7.8 

7.8 

16.7 

22.7 


Copper cont. 
of tails, 
per cent. 


0.02 

0.13 

0.51 

1.09 

small 

0.53 

15.1 


Per cent, of 
extract 


99 

76 

93 

86 

100 

97 

34 


In these experiments the chalcopyrite was first subjected to a tem- 
perature of about 200® C. without the admission of air. The chalcocite 
was treated without heating. 

The Froelich Process.^ — In this process the ore is first subjected 
in the absence of air to a temperature between 150 and 800® C., 
whereby the loose sulphur is driven off. The pyrite is changed by 
this operation in its chemical composition and can then be chlorinated 
much quicker and better. As chlorinating gases, chlorine, vapor of 
hydrochloric acid and of ferric chloride are used. The chlorine and 
ferric chloride attack the sulphur compounds of copper, the hydro- 
chloric acid and the ferric chloride attack the oxides of the copper. 
The proportion of the gases and vapors in the mixture are adjusted 
to the composition of the copper ore. Steam may also be added 
to the chlorinating mixture. It is preferable to make the temper- 
ature of the chlorination somewhat higher than the boiling point of the 
ferric chloride, about 300® C., but it can be lower if the copper in the ore 
occurs in combination with sulphur. In this case only chlorine gas is 
used. If iron is present in the ore it is chlorinated together with the 
copper, but more slowly, and the process is facilitated by a higher tem- 
perature. In order to regain the chlorine combined with the iron, the 
ore is heated to about 300® C. or more after chlorination, and a certain 
quantity of air is introduced during this operation. 

The ferric chloride is then evaporated, and by the air separated into 
oxide of iron and chlorine gas, both of which are collected. The chloride 
of copper is not changed by this operation. Then the ore is treated 
with hot water, and the chloride of copper and, perhaps, a residue of 
ferric chloride are extracted. The solution is then introduced into a 
revolving apparatus containing pieces of iron, and the metallic copper 
is deposited in the form of cement copper. The solution now contains 
mainly ferrous chloride, and in order to regain the chlorine from it the 

» U. S. Patent, 846,657, March 12, 1907. 
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solution is oxidized in a rotating drum to ferric chloride by means 
of an air blast. Then the water, and the water of crystallization 
are driven off by heating, and by increasing the temperature over the 
boiling point of ferric chloride and introducing a certain quantity of 
air, chlorine gas and ferrous chloride are obtained. 

W. L. Austin^ suggests the following method for treating with ferric 
chloride pyritic copper ores, containing the copper largely as chalcocite. 
The results obtained in the laboratory have been very satisfactory. 
The novel features introduced are (1) causing the lixiviant to rise through 
the ore and removing in an apparatus placed outside of the leaching vat 
any slimes which may be carried over; (2) causing the lixiviant to cir- 
culate rapidly through the material treated without employing moving 
parts within the leaching vat; (3) regeneration of the lixiviant by 
treating it with chlorine gas produced by the electrolysis of common 
salt in an apparatus specially provided for that purpose; and (4) 
cementation with the aid of the coke-iron couple. These features make 
it possible to have each succeeding stage in the process under direct 
supervision, and avoids complications caused by attempting to carry out 
two distinct operations concurrently in the same apparatus. It also 
avoids the use of moving parts submerged in a gritty and corrosive 
niaterial. 

On the basis of a plant treating 100 tons of ore in 24 hours, and 
assuming a 2 per cent, ore (40 lb. copper to the ton), chlorine at SO. 02 
per pound, and a 90 per cent, extraction, the following estimated cost of 
producing one pound of refined copper by this method is derived: 


Cost 
per lb. 
copper 

Milling operations, comminution of the ore to ten-mesh, charging 
and discharging the tanks, elevating liquors, etc., total SO. 50 


per ton of ore treated, SO. 014 

Chlorine, at SO. 02 per lb., 0.015 

Iron, at S30.02 per ton for pig delivered at works, 0.015 

Melting the precipitate into bars, at $8.00 per ton of precipitate, 0 . 005 
Freight, refining charges, and selling expenses, 0.014 

Repairs and renewals, office expenses, etc., 0.013 


SO. 076 

Mining operations — open pit work, at $0.50 per ton of ore, 0.014 


Total operating expenses, $0,090 


In this estimate no item has been inserted representing interest on 
cost of plant, nor amortization; on the other hand, no allowance is made 
for precious metals recovered, nor for possible commercially valuable 
^ Mines and Methods, January 1911. 
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bi-products. The figures given for costs of reagents consumed n.r(‘ 
liberal estimates. 

Ferrous Chloride Process. — Tlic action of feri-ous (diloride on (*opp(o- 
carbonate was demonstrated liy experiments of Scliaffner and Ungcii* 
in 1862. Some years latm* Hunt and Douglas based a proc.(‘ss on tlu^ 
action of ferrous chloride on copper oxide and carbonate, whiidi was 
for some time working on a commercial scale at Ore Ivnol), North Caro- 
lina, and at Phoenixville, Pa. 

Cupric oxide and cupric carlionate are acted upon by solutions of 
ferrous chloride, forming cupric and cuprous (dilorides and oxide of iron, 
and in the case of carbonates, there is also set free carlion dioxide, 
according to the following c(| nations: 

3Cu() -}- 21^\^(Jl, == Cu( ;i, + 2( UiCl + F 
3(hiCC)3 + 2FeCU = CiiCl, + 2ChiCl + Fe,( ) , + 3C( ) 

The ferric oxide is prec.i|)itated, whih‘ i.lu^. (*hl()rid<‘s of (‘opper go 
into solution. Cuprous chlorides, being insolubles in wa,t(sr, is dissolvcal 
by ex(‘ess of otluu metal chloridtss. 

If the ore to Ixs tnsatisd is a sulphidts, or a mattes, the (sopp(sr must 
first be convertesd into the oxides by roasting. Roasting is unncscscsssary 
with oxidizesd ores. 

The ferrous chlorides us(h 1 in. the ])ro(seHS, may be prodinscsd from 
common salt and bsrrous sulpha, t(s, which by douliks dexsomposition forms 
hsrrous (shloride and sodium sul])hate. Aftesr tins solution was sepurabHl 
from tins sodium sul])ba,i,(s, whiesli crystalliz(s(l out-, if was r(sa,dy for us(\ 

Wlnsn coi)per is ])r(‘ci])itat(‘d from a (nijirous chlorides solui-ion by 
iron, fesrrous cJdorides is formesd; wh<sn botli cupric and esuprous chlorid(‘S 
arc present, fesrric chloride is first fonmsd, 

2(Ui(n, + 2(Ui(n F2Fe-^2F(‘(d, f 4Cu. 

Ferric chloride, how(‘vm*, nausts with iron to prodiuns hn’rous chlorides 
2F(41,-j-Fe-3F(4d,. 

The silv<‘r in tins ons is conv(srt(Ml into chlorides of silvtn* by tlus cuprits 
chloridis, and is dissolvcHl in tlus (nxccsss of otlusr nustal chlorith'S. 

As some of the (sopptu* is in the cuprous condition, relatively ksss 
iron is r(S(juirc‘d t,o pnx’ipitate tlie co])p('r, than is rcscpiircsd in precipi- 
tating from a sulphates solution. Tlus objiscstions t.o tlus procsess was the 
formation of basic salts, and tlus difficulty of separating tlus solution 
from the residue, on a(‘.(‘ount of the pnscipitaf-isd oxides of iron, whiedi 
clogged the filters. Heat is not neesesssary in dissolving the (sopper, but 
it hastens the process, and makes tlus esxtraction more thorough. 

The silver, in solution as silver chloridts, may bes preci|)it.ated with 
the copper, or separatisly if desired, l)y metallic copper. The precipi- 
tation of the silver by metallic copper in the presence of chlorides ro- 

15 
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quires that the whole of the dissolved copper should be in the cuprous 
condition. The clear solution containing the cupric and cuprous chlo- 
rides and the silver chloride may be treated with sulphur dioxide to 
convert the cupric chloride into the cuprous chloride, and with liberation 
of free acid. From such an acid solution any silver present is readily 
and completely precipitated by metallic copper, after which the whole 
of the dissolved copper may be precipitated with metallic iron, care 
being taken to arrest the process before the free acid begins to act on 
the iron. In this way a solution is obtained containing, besides the 
regenerated ferrous chloride, a considerable amount of free acid. 

When copper ores containing lime are being treated, there is the 
difficulty to contend with that the ferrous chloride and calcium carbonate, 
in the presence of air, are decomposed into calcium chloride and ferric 
hydroxide. 

According to Hunt^ the hydrous silicate of copper (chrysocolla) is, 
like carbonate of copper, completely decomposed by a hot solution of 
ferrous chloride with common salt. 

The Ferrous Chloride Process as Carried out at Ore Knob, Ashe Co., 
K. C.^ — At Ore Knob, in North Carolina, the ore was crushed to 40 mesh 
and roasted. The average composition of the crude ore, as taken from 
the two shafts, was as follows: 



No. 1 

No. 2 

Chalcopyrite, 

11.33 per cent. 

13.30 per cent. 

Pyrhotite, 

37.46 

35.74 

Ferric oxide, 

8.14 

16.34 

Alumina, 

1.84 

1.49 

Manganese, 

0.16 

0.50 

Lime, 

5.32 

7.84 

Magnesia, 

0.35 

0.94 

Carbonic acid, 

4.76 

7.19 

Zinc, 

0.67 

0.66 

Cobalt, 

0.09 

0.09 

Nickel, 

0.71 

0.92 

Silicious residue, 

29.10 

13.57 


99.93 

98.58 

Metallic copper, 

3.92 

4.60 

This ore was sorted to bring the average copper content up to about 

12.0 per cent. The average composition of the 
ore is represented by the following analysis: 

copper in the roasted 

Copper as sulphate, 


3. 76 per cent. 

Copper as oxide. 


7. 75 per cent. 

Copper as sulphide. 


0.39 per cent. 


11. 90 per cent. 

1 Trans. A. I. M. E., Vol. X, p. 12. 

2 T. A. I. M. E., Vol. II, p. 394, E. E, Olcott. 
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The roasted ore was conveyed to agitating tanks, which were eight 
in number, 8 ft. in diameter, and 5 ft, deep, with raised conical bottoms. 
These tanks were each charged, once in 24 hours, with 3()()0 lb. of roast(‘d 
ore and 1500 gallons of tlio solution of fcvrrous siil])]xate and common 
salt, making about 22^ B., and heated l)y steam to 100° F. This mixture 
was kept in agitation for eight hours by means of sus])en(l<Kl stirrers, 
consisting of a vertical shaft with a horizontal blade at tlxe lower extremity, 
while at the top was attached a Ixevel gxair whi(‘h gave to the stirrers a 
speed of 25 revolutions per minute. After eight hours the stirrers w(n*e 
stopped, and the contents of the tank allowed I to S(4-i-l(^ for four hours, 
when the clear liquor was drawn off into the })r(a‘ipitaXing tanks, and tlu^ 
remaining portion holding in suspension ferric oxide and parti(4(‘s of 
gangue, was drawn into settling tanks. The sands, nuruilning, were 
then washed, first with hot strong solution, and them whh weak<u‘ solu- 
tion. These washing licpiors were allowcul to s(4-tle in tlu^ H(d4.1ing tanks, 
when the clear portion was drawn off into ])r{uu'pil,ating tanks containing 
iron. The wet sands W(u-e then rcunovx^d from tlu^ agitators to h^ac.hing 
tanks where a portion of the adhering solution, cout^aiiiing copper, was 
recovered. 

The slimes were allowed to ac.cuniulatci in s(‘t.thng tanks till tlu^y 
were about half full, when they were waslunl wit.h solution and wat.m' till 
they contained about 3/2 of 1 i)er (amt. of (*,opp(u\ Tlu^y Winv, t.hcn 
washed. The settling tanks were 20 in numljer, 10 ft. in diamet(U‘and 
5 ft. deep. 

The strong liquors from the agitators WiMv. eapalxh^ of holding 50 lb. 
of copper in solution per 100 gallons, l)iit wc^akevr Holutions W(U*e d(wired 
as they h^sscuuHl the risk of tlu^ (U'posit.ion of (urprous chlorides Ixy cooling. 
30 lb. of copper per 100 gallons was found a (U)tiv(mi(mt Htrength. 

The hot and strongly cohmnl li<pi()rs wcuh? run thremgh laundcu's into 
the precipitating tanks. Tlu^so W(U‘(x 12 itt num1)(U*, 12 ft., in diameter 
and 5 ft. decqi, contaitiing (uich, 12,000 lb, of sera}) iron. The 
temperature of the precipitating tanks was maint.aincd at iCUf F. l)y the 
injection of steam. Froiti 12 to 18 hours sulIictMl to preei|)itaie all but a 
trace of the cop|)er from tlu^ li(piors, which were then drawn off into a 
lower tank and from there! pumped into stock tanks to be again 
used on a fresh jxxrtion of t.he ore. 

For the precipitation of the copixu* wrought iron was used. The 
copper was remov<Hl from the precipitating tanks whem they contained 
from 4 to 5 tons each. The (consumption of iron was 70 per cent, of the 
pure copper produced. The ceiruuit copper, after Ixung washed and 
dried, contained generally from 75 to 85 per camt. copper. The impuri- 
ties were chiefly ferric oxide and earthy ganguo matter. 

The cement copper produced at Ore Knob costs a little less than 
8 cents per pound of copper, including all expenses for mining, treating 
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and packing. Of this sum nearly two cents was for metallic iron. These 
costs were based on a production of 400,000 pounds of copper. 

Hunt and Douglas Process.^ — In the Hunt and Douglas process tlie 
copper is dissolved as sulphate and precipitated as the insoluble cuprous 
chloride. The cuprous chloride is then converted into metallic copper ])y 
replacement with iron. 

The process is based on the reaction described by Wohler between 
sulphur dioxide and a solution of cupric chloride, in which one half of 
the chloride is eliminated to form hydrochlorici acid, and with the simul- 
taneous formation of sulphuric acid. The reaction may ])e expressed: 

2 CuCL> + SO 2 + 2 H 2 O = 2CuCl + 2HC1 + H ,SO 

The Hunt and Douglas process consists of the following essential 
steps: 

1 . Roasting, if the ore is a sulphide. 

2 . Extracting the copper from the oxidized on^ with dilute sulphuric 
acid, regenerated in the operation of tluj proca'ss. 

3. Conversion of the cupric sulphate into (uipric chloride, by t.hc 
addition of some soluble chloride, such as sodium, calcium or fcu'ric 
chloride. 

4. Conversion of the soluble cupric chloride into t iH‘ iusolubh^ (uiprous 
chloride by the addition of sulphur dioxide, and with the simultaiu^ous 
regeneration of acid. The acid being used in the secoml Kt(‘p to dis- 
solve more copper. 

5. Conversion of the precipitated ctiproiis chloride into cu|)nc oxide 
or metallic copper on the addition of milk of lime or replaceuKuit with 
iron. 

In practically carrying out tlio process, t hc^ mat-t(^, or ore if a sulphide, 
is roasted. With care in roasting one third of the copixu' should I)e 
converted into the suli)hate, which is solul)ki in watcu*. dlui ore is tlum 
leached with dilute sulphuric acid, regeiuu’attal in a latter stage in the 
process. The copper content of the ore is tlu^ndore dissolvinl as the 
cupric sulphate, CuSO^. To the neutral H(dution of cupric sulphate is 
tlien added enough common salt, or other hoIu1)1<j chhuidt^, to (‘onvert the 
copper sulphate in the solution into that of (nii)ric chloride. The 
amount of copper sulphate being d(itermined, salt is adch^d in the pro- 
portion of 58.5 parts of sodium chloride to (>3.t> |>arts of copixn* contaiiuai 
in the sulphate s(dution. The salt reacts with the (;u{)ri(j stilphate to 
foi'in cupric chloride and sodium sulphate: 

CuSO 4 + 2 NaCl = CuCl^ + N a^SO „ 

so that the copper in the solution, after the a{)plieation of the sodium 
(diloridc will be in the form of cupric chloride, containing p()ssil)ly a 
little cupric sulphate. 

^ Trans. A. 1. M. E., Vols. X and XVI. 
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Through the clear hot solution of cupric chloride is tlnui drivc^ii sul- 
phur dioxide, derived from roasting the 8ul})hide on^ The sulphur 
dioxide serves to convert the dissolved copper into the form of cu|)r(>us 
chloride, with the liberation of the amount of acid wliich wa,s pn^viously 
combined with the copper, and the liberation of onc^ half as much morc^ 
acid due to the oxidation of the absorbed sulphur dioxides 

The combined reaction between the cop])er sulphat.(‘, salt, and sul- 
phur dioxide may be represented by the ocpiation : 

CuSO, + 2NaCl + 2S0,-f-2H,0 -2CuCl + Na, 80, + 211, SO,. 

It is reasonably certain, however, that tlu^ following n^ac-tion also tak<\s 
place, whereby a certain amount of hydrochloric^ acid is also produced: 

2CuCL> + SO ,, + 211 /) - 2Cu01 + 2 H 01 + 1 1 ,80 

The cuprous chloride thus obtained, whievh is insolul)le in water or 
in a sulphate solution, quickly settles to the l)oti,om of tficj taidc, as a 
white crystalline powder. The clear acid solution, drawn from ilw pre- 
cipitated cuprous chloride, is again a})plied to tlui orc^, and the cycle 
repeated as often as necessary to get the dcxsinul (uxtrachJon. 

The resulting cuprous chloride, sepcu'atcal from iJie solution, may 
then be precipitated with metallic iron, as metalic co|)p(U’, 

2(hi(U l-Fe-20u [ FeCl,, 

or with milk of lime, as (uiprous oxide, 

2(hi( d + ( !a(() H) , ' ( Uu( ) 1 ( +( 2, | 1 1 ,0, 

calcium chloride laving fornual, which may b<^ \iH(‘d to (a)iiiV(n*t the sul- 
phate of copper into the chlorich^ inst-ead of l.h<^ safl,, or Icn-ic* eddoridex 

By the use of a solvent containing only a small |)or(.i(m of soluble 
chloride, any silver in the ore is converUid into tlu^ chloride^,, but rcmuiins 
in the residue and may l)e extractial tluuHvfrom by solui.ion, jumilgama- 
tion, or smelting. 

The reaction between sulphur dioxide and a soluti(yn of (uipri(5 (thlo- 
ride goes on slowly at ordinary tcunperaturt'S, but is vmy rai)id l)etwe(m 
80 and 90*^ C. (176 to 19*^ F.). Holutions of sulphates of copp(U‘, inixc'd 
with an equivalent of chloride of sodium, and holding 8 p(‘r cumt, of 
copper, aft(vr being trcatcal at 00 ® 0. with an (‘.xcu^ss of sulphur dioxide^, 
retain less than 1 pc^r cent, of tlui dissolvcul (‘oppeu*, while in the preseiun^ 
of an excess of sulphate of copper and sulphur dioxides, the |)re(*ij)ita“ 
tion of the (ddorine from chloride of sodium is nearly compkdie. 

The sulphur dioxide, from the roasting furnace, is sufficiently pure 
for use. A Knowls pump, connected for the purpose, has proved an 
efficient means of injecting the heated gas into the liquid. 

The acid liquors, when the reaction with sulphurous acid is com- 
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pleted, have exchanged their bright blue color for a pale green, and now 
contain in solution an excess of sulphur dioxide which must be got rid of 
before using it to dissolve a fresh portion of copper. This may be effected 
by keeping back a small portion of the chlorinated copper solution, and 
after the reduction of the gas is complete, as may be shown by the changed 
color and the sulphurous odor of the liquid, adding the reserve portion 
thereto, by which means the excess of sulphurous acid will be oxidized. 
The larger part of the cuprous chloride separates during the passage 
of the gas but a furthur portion is deposited on the cooling of the 
solution. 

The excess of sulphurous acid may also be got rid of by blowing a 
current of hot air through the liquid after it has been withdrawn from 
the precipitated cuprous chloride. 

Cuprous chloride is quickly transferred into cupric oxychloride by 
atmospheric oxygen and when dissolved or suspended in an acid liquid 
is by this means converted into a cupric salt, which may be again reduced 
to cuprous chloride by the action of sulphur dioxide. 

If the ore or roasted matte contains silver, the sulphate of copper, 
which in well-roasted ore should be about one-third of the copper con- 
tent, is first dissolved out with water, taking care, however, to add enough 
of some soluble chloride to chlorinate and render insoluble any sulphate 
of silver which may be present. From the clear solution thus obtained, 
after adding the requisite amount of chloride of sodium, the copper is 
precipitated as already described, by the action of sulphur dioxide. The 
resulting acid liquor, freed from its sulphur dioxide, is now used to dis- 
solve the oxide of copper in the ore, the process being aided by heat, and 
if the formation of cuprous chloride is feared a current of heated air 
may be injected and made the means of agitating the mixture. If 
the ore contains the silver as metal or oxidized sulphide, the chloride of 
copper formed is a good agent for bringing it into the condition of silver 
chloride. This will be found in the residue after the extraction of the 
copper, together with any gold which may be present; lead as sulphate, 
oxides of antimony and iron and earthy matters. Cobalt, nickel and 
zinc, if present, will however be dissolved, and not being precipitated 
by sulphurous acid, will by successive operations, accumulate in the 
solutions and may be afterward extracted. From the residues, the 
silver may readily be extracted by brine, after which the gold, if present, 
may be recovered by chlorination, or the precious metals extracted 
together from the residues by amalgamation. 

Chloride of silver is soluble to some extent in a solution of cupric 
chloride, and is then in part carried down with the cuprous chloride in 
the precipitation of the latter. 

The cuprous chloride as obtained by the precipitation with sulphur 
dioxide is a white coarsely crystalline powder, having a specific gravity 



CHEMICAL PROCESS EE 


231 


of 3.376 and is nearly insoluble in waiter. Aftc^r Ixurif;; washed from the 
acid liquid, it iruiy readily be reduced by j)hu‘.in<;’ inetallic iron in 
the moist cuprous chloihh^, which should l)e covcuxmI to (exclude tlie air. 
The action spreads rapid!}’' through the precipitate^, so tluit a single mass 
of iron, within a few hours, will change a*consideral)l(^ volume of cu|)rous 
chloride, around it, into a pure spongy rnetaJIie; c.oppevr. Twicc^ tin^ 
amount of copper is, theoretically, precipitateMl 1)y iron from a (uiprous 
than from a cupric solution. 45 11). of iron will sufficei to r(‘duc.e lOO 11). 
of copper from cuprous chloride. The huTous chlorides whiedi remains in 
the solution may with advantage ])e used iiiste^ad of sodium cJiloride 
for chlorinating subsequent solutions of (^o|)p(U* sid]>lnite. 

Another method of treating the cuprous c^hloride^, consists in deamm- 
posing it, preferably at a boiling hea,t, wit.li a slight <‘xc,(‘ss of milk of 
lime. The cuprous chloride is by this iruains (‘.onvcirtcul into a dense 
orange-red cuprous oxide, whitdi aftiu* being wa,sh(Hl from the chloride of 
calcium in a filter ])ress or oth(u*wis(‘, and driial, may 1)(‘ nuidily reduc(‘d 
to metallic copper, in a revca-lxn-atory furnaccx lb)r this naiction, 28.0 
parts of cpiick lime are napiinal for 1)3.4 ])arl.s of copp(ir, a, ml th(» r(\sult- 
ing chloride of calcium may be us<‘d insf.caid of sodium <diIorid(^ or iron 
chloride for chlorinating solutions of copp<*r stilplud.cx In this ca,s(^ tluu’i^ 
will be formed an insoluble siilphab^ of lim<‘, while tln^ fna) sulphuric, 
acid of the solution is n^placed by hydnxfhloim*. a,cid. 

Later, Douglas proposcxl eUud.roIy/dng tlu^ ))re:cipii,at<al solid (uiprous 
chloride, to de})osit nuvt.allic c,opp(u*, and usc^ c.hlorim^ again dir<a*tly 
on finely crushed mattex A <l<^Hcrii)iion of this will be found und(‘r 
Electrolytic Protu^sses, page 347. 

The Hunt and Douglas }>roc(‘ss was in <)pera.tl(>n for many y(‘ars on 
a large scale, until <}uit(^ naamtly, at Arg<mtim^, Kansa-H, on (u)pp(u‘ mait.e. 
The desc.ription here giv(m, of tlu^ i)ractic.al operation of tlu^ pro(u\ss, at 
Argcmtinc', is by OttaJear Hofnuinn. 

The Hunt and Douglas Process at Argentine, Kansasd— Ilu^ imit.cn’ial 
tnuited at tiu^ plaiit. of Th(‘ Kansas (df-y Simdting and K(4ining (Company, 
at Argentine^ Kansas, was a h‘ad-(t(>j>per matt<% a-V(a*aging: 


Copper, 

L(*a(l, 

Iron, 

Mangnnese, 

Sulj)hur, 

Hilver vari<Ml from 200 to 300 <>z. p<?r ton. 


.31) . 55 p(T cent. 
12.20 p(T e<‘nt. 
19.90 p<T cent, 
t . 88 p(‘r c(‘nt. 
1 .01 pt>r c(ait 
21.43 percent. 


This matte was first (‘.ruslual by rock breakings, tlum pulverized in a 

Krupp ball mill to panw a SO-nicah Hctrecdi. 

The roasting was done in two Pearce two-luairth furnaces. On the 


' Ottokar Hofmann, Mineral Industry, Vol. XVII, 1008, p. 200. 
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upper hearth the temperature was kept as low as the heat developed by 
the oxidation of the sulphur permitted. No fire was applied except 
after the ore had passed the whole circle of the hearth and came near to 
the slot through which it dropped into the lower hearth. There a very 
gentle fire was maintained to prevent the temperature from falling too low. 

The best results were obtained by regulating the roasting on the upper 
hearth so that the material commenced to ignite when it had moved about 
8 ft. from the point at which it had entered the furnace. By observing this 
precaution the roasting was so much advanced by the time the material 
had reached the drop-slot that the oxidation of the sulphur did not 
create more heat. This point in roasting was readily observed by 
stirring the charge; if the particles thrown to the surface brightened and 
remained so for a short while the oxidation still evolved heat; but if 
these particles were of a dead red color and began to darken immediately, 
it was an indication that, in order to continue the oxidation, heat must 
be applied. It was found to be of the greatest importance to liave the 
roasting well advanced when the material left the upper hearth. Wlien 
it was neglected and the speed of the feed increased so that the matte, 
after having dropped to the lower hearth still created heat by oxidation, 
the finished product was invariably insufficiently roasted. It was endeav- 
ored to maintain a gradually increasing temperature in the low(ir hearth \ip 
to the point of discharge. 

In order to regulate the final heat, tests were made at intervals of 
the material before and after it passed the last fire. The samples were 
sifted and washed in a small dish to determine if any cuprous oxide had 
been formed. The presence of cuprous oxide is readily determined ])y its 
pink color. It often happened that although the material was free from 
cuprous oxide before passing the last fire place, it could ])c plainly dctcudxHl 
after passing it. This was always an indication that the fire was too 
hot. It was important to avoid this condition l)ecause l)y too high a 
temperature cupric sulphate, of which quite a percentage was fornuKl 
during roasting, was decomposed into cuprous oxide and sulphuiic a(*id, 
and the matte was discharged before the cuprous could ha oxidizcMl to 
cupric oxide. This test had to be made, not in order to prewent the loss 
of acid, because in the Hunt and Douglas process mor(^ a(*id is made than 
needed, but for the reason that when cuprous oxide is treatcul with dilute 
sulphuric acid, only one-half of the copper can be dissolvcid as cupric sul- 
phate; the other half changes into metallic copper, which being insoluble, 
will remain in the residues. 

Even with the greatest care it was impossible to roast a leady matte 
free from small lumps. They formed in the very early period of the 
process before any additional heat was used, but as a rule, being usually 
porous, they were found well roasted. These lumps, however, were very 
undesirable in the subsequent operation, as they retarded the solution 
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of the cupric oxide in dilute sulphuric acid. The roasted matte, theref{)re, 
had to be crushed. From tlui roasters the matte was automatically 
conveyed to the revolving* cooling tables, then fed to a bail mill with 
oO-mesh screens. From the ball mill it was elevated and conveyed to 
the storage bins. 

Solution , — The dissolving of the cupric oxide had to be done in agitat- 
ing tanks, it being impracticable to conduct the o})eration in tanks with 
filter bottoms. When roasted copper matte is brought in contact with 
dilute sulphuric acid, or even water, it cements and hardens to such an 
extent that it cannot be handled with shovels if not previously looserual 
with picks or bars. This hardening of the material pi-evcmts to a grcait 
extent the free percolation of the solution; this causes miudi deday and 
also makes the discharging of the tank a rather diflicult task. 
while charging the agitating tanks, it was necessary that tins a,cid solution 
be kept in. lively motion and that the matte 1)C introduccal in a gradual 
stream and not charged with shovels; otherwise hard chunks were 
formed. 

The dissolving was done in wooden agitating stir tanks, 12 ft. in 
diameter and 6 ft, deep, provided witii a strong hard wood propedhn* 
which entered and. was driven from above. Theses tanks wer(^ about 
two-thirds filled with acid solution, containing 0 to 10 per (umt. fr(‘e acud, 
to which some wash water was add(al. This a<ud solution, which n^sultc'd 
in the process, always contairuul 2 to 21/2 p(u- caui (,. (a)pp(u*. Tlu^ agitator 
was set in operation a,nd a j(d/ of steam int.rodiuuHl througli a haul pipe 
entering from aboves and fasbuied closer to ihu si(l(^ of thc^ tank. The 
roasted matte was tlum brought from the storag<^ bins in cars, which 
were half covered and providcal with a slot through which, by tilting t.lu^ 
cars, the matte could be uniformly chargcal int.o tlu^ tatik. Tlu^ addition 
of matte to th(‘, dilutee sulphuric aci<l i)roduc<‘H considcn*abl(^ head, which 
aids the solution of cupric oxide and diminisluis the amount of stcaim 
ro(piir(Hl to maintain tlie i>ulp at tlu^ (hisiiaal t<anpcu*atuna 

Aft(u.’ a certain amount of matte had betm achhnl, tlu^ pulp was fre^- 
qucntly sampled; theme samples were lilUaaal and thc^ filtrate tested for 
free aedd. When the solution was luairly lumtral the cdiarging of thc^ 
matte was stopped, i)ut the agitation continiKul until thc^ solution became 
neutral, or almost mmtraL This operation was p(U’formod with can^ in 
order to avoid an excess of matte, which would hav(^ enriched tlu^ resi- 
dues with (u>pp(‘.r. In mixing the acid solution with wash water, care 
was taken to have enough free acid presimt so that the resulting solu- 
tion would contain from 6 per cent, to 7 per cent, copper. 

The neutral solution, togetln^r with the residues, was discharged 
through an outlet near the bottom of the stir tank, in a large load-lined 
cast iron pressure tank; thence under an air pressure of 40 lb. it was 
forced through large filter pnmses with 4X4 wooden plates. Wlien 
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charged, each press was capable of holding 5 tons of residues. When a 
press was filled, compressed air was applied to blow out as much as pos- 
sible of the strong solution which had been absorbed ; then the residues, 
while still in the press, were washed with water. 

Below the presses there were two rows of tanks, one to receive the 
strong liquor, the other the wash water. Some of the tanks were assigned 
to the stronger portion of the wash water which went back to the process, 
while the remainder were used as collecting and settling tanks for the 
weak wash water; this was sent to scrap iron tanks for the precipitation 
of the contained copper. The strong liquor and strong wash water 
tanks were connected with a pressure tank, placed on a lower level, by 
means of which the liquid could be forced to the stir tank level. On 
opening the filter presses the washed residue cakes dropped into wooden 
push cars; they were then wheeled to an opening in the press floor, through 
which they were dumped directly into railroad cars. The residues, 
which were rich in silver and lead, were delivered to the lead smelting 
department. 

The next operation was to chloridize the sulphate solution. For 
this purpose the strong solution was elevated, by means of a pressure 
tank, into a stir tank used only for this purpose. The solution w^as tested 
for copper, its volume measured, the total copper in the charge calculated, 
and as much common salt added as was required to convert the copper 
present into cuprous chloride (58 parts of sodium chloride to 63.4 parts 
of copper). The solution was agitated, heated, and then discharged 
into storage tanks; from these tanks the chloridized liquor was elevated 
and charged into so-called reducing towers for the treatment with sulphur 
dioxide. 

Precipitation of the Copper with Sulphur Dioxide . — The towers in 
which this part of the process was carried out were made of steel and 
lined with lead; the bottoms were cone-shaped. There were four towers. 
The tops were tightly closed, provided with manholes, inlet pii)CB for 
the solution and an outlet pipe for the gas. The cone-shaped bottoms 
were provided with gas inlet pipes, a steam pipe and a discharge pipe. 
The outlet for the gas was connected with a main pipe which discharged 
into a wooden stack. The gas from each tower passed directly into the 
stack. This arrangement caused considerable loss of gas. By tests it 
was found that a gas which on entering a tower contained 7 per cent, 
sulphur dioxide, contained 4 per cent, when discharged, so that there 
was a loss of 57.1 per cent. Two towers were then connected up so that 
the gas, after passing through the first, was made to pass through the 
next tower. By this alteration the loss of gas was reduced to 25.4 per 
cent., equal to an increased utilization of 31.7 per cent. This experiment 
demonstrated that the precipitation of the copper in the tower under 
pressure was correspondingly quicker than in those without pressure. 
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The gas was furnished by three revolving cylindrical furnaces, of 
which two were kept in operation and one in reserve. These furnaces 
were lined and provided with ribs for continually raising the ore and 
dropping it in a shower. The front end of the furnace was closed, but 
the cover was provided with air registers and two disc‘,harge openings 
for the roasted ore; the latter oj^ened and closed autoinaticialiy at each 
revolution of the furnace. The back end of each cylinder j)roj(‘cted a 
few inches into a small dust chamber, which again was connect(‘d witli a 
system of dust chambers. Through the roof of the small (diamber, in a 
slanting position, entered the feed pipe of tiie furnace. The fcHnling was 
done by a very short screw conveyor which could be n^gulated. The 
material consisted of iron pyrites concentrates, ri(‘.h in gold, from 
Colorado. 

The dust chamber was connected with a heavy lead pipe al)out 4 in. 
in diameter and was strengthened with iron rings, to whicdi the i)ij)e W4is 
fastened. The entire length of this pij)e, about 150 ft., was cooled l>y a 
spray of water so that the gas was (ioohnl Ijeforc it (mten-ed the j)umps. 
There were two double acting gas-pumps of whi(di, howewer, one was 
sufficient to do the work, while the other was k(‘pt in r(*serve. The 
cylinder measured 27.5 in. in diameter and thc^ piston had a stroke of 
28 in. so that eacli stroke^ furnished about 19 cu. ft. of gas. The specHl 
had to be regulated so as to get a good roast of th(‘ coiUHvntratt's, and at 
the same time i)rodu(‘(^ as strong a gas as ixwsibh^ In ordevr to fulfill 
both conditions, it was found that the resulting gas (‘ould not contain 
more than 5 per cent, sulphur dioxide. Fre(|uent gas tc'sts had to Ixj 
made in order to maintain this percentage. Bonuitime^s there was an 
increase in strength up to 7 per cent., in whhdi c-asc^ the roasting was not 
satisfactory; but more frcHpiently it dropped below 5 per cent., wiiich 
caused a slower pre(U|)itation. 

The pumps forcxul the gas through a lead lined receiver, in whicli 
a great deal of Bul|)huri(^ acid condenscul and had to be drawn off daily. 
The gas entered tlu^ tow(w under a heavy perforates] lead cone which 
divided it into small bubbles. Cuprous chloride was precipitated in 
white c-rystals, wliih^ Hul])huric acid was set free, Tlie reaetioti was most 
energetic in the beginning while the solution was neutral or (contained 
only a small percentage of aeud, became more sluggish in proportion as 
the percentage of acud increased, and stopped entirely when the copptu* 
contents of the liquor was reduced to 2 or 2 1/2 per cent. This remain- 
ing copper could not be reduced no matter how long the charge was kept 
under treatment with the gas. The acid continued to increase slowly, 
but the copper did not diminish. It m possilde that the formation of 
hydrochloric acid accounts for the copper not being precipitated. The 
more hydrochloric acid there is formed, the more copper will remain in 
solution. The hydrochloric acid dissolves cuprous chloride. 
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Sodium chloride as a chloridizer for the sulphate solution is not the 
most suitable chemical for the process, as a large quantity of sodium 
sulphate is formed which goes into solution. As it is necessary to use the 
solution over and over again, on account of the sulphuric acid which is 
formed therein, more and more sodium sulphate is formed. In a short 
time the solution becomes saturated with this salt so that it crystallizes 
out whenever conditions are favorable. This happens at different 
stages of the process, causing much annoyance and lessening the merit of 
the process. It was especially aggravating in the operation of the filter 
presses. When the matte residues, together with the strong liquor, 
were forced into the presses, the filtration in the beginning was free and 
satisfactory, but soon grew less so until it finally stopped entirely, 
although the press was not one-quarter filled with residues. On opening 
the press it was found that the chambers were partly filled with a sloppy 
mass containing many fine crystals, while the filter cloth was densely 
covered with them. The only way of cleaning the press wuis to force 
water through it. This not only caused much delay, especially as this 
application of water had to be repeated, but caused the making of a 
large quantity of wash water, from which the copper had to be i)rc“ 
cipitated with scrap iron. Sometimes it happened that the press could 
be filled without any trouble, in fact the chamber filling was quite firm; 
but as soon as water was used to wash the residues the filling shrunk 
in volume, and the frames which previously were ([uitc full, after washing 
were only a little over half filled. 

Calcium chloride, formed in converting the cuprous chloride into 
cuprous oxide by boiling with milk of lime, was then tried. The result- 
ing calcium chloride solution, however, was not strong enough to be used 
directly, containing only 9 per cent, chlorine; it was therefore concen- 
trated. In using calcium chloride, cupric chloride and calcium sulphate 
were formed, the latter being precipitated. Tlunigh this chloridizcu- 
made necessary an additional filter press operation, to separate the 
calcium sulphate from the solution, it was l)y far preferable to salt, as 
it left a clean solution, free from undesirable salts. It was found, how- 
ever, that a sulphate solution, chloridized with calcium chloride, only 
about half of the copper in solution could be pre(ui)itat(‘d as (tuprous 
chloride with sulphur dioxide. When the change from salt to calcium 
chloride was made, a new acid solution, free from sodium sulphate, was 
used. Several attempts were made with the same unsatisfactory 
results. It was finally decided to add salt to the new solution and the 
results were at once better. From that time on chloridizing was done so 
that three-fourths of the required chlorine was derived from calcium 
chloride and one-fourth from sodium chloride. After adopting this 
proportion there was but little trouble with the presses; the filtration 
was free. 
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Tlie calcium cliloride solution obtained in converting the cuprous 
chloride into cuprous oxide ])y boiling with milk of lime, was coiKaui- 
trated by preparing milk of lime with water, allowing tlu^ lime to scuttle, 
decanting the clear water and replac.ing the same by weak calcium 
chloride solution. Tiie conditioji of tlie slacktnl linu^ was jiot (dianged 
and by repeating this procedure the proportion, of calcium chloride in 
the solution was increased from 9 })C‘r cent, to 24 p(‘r cuoit. 

When the precipitation in the towers was comphd.ed, tlie cu|)rous 
chloride, together with the acid solution, was disclnirg(‘d into a system of 
seven cone-shaped lead-lined iron tanks. Thesci tanks wiu’e so arrang(‘(l 
that the li(iuor flowed from one to the otln^r, and from the last into 
special charge tanks, to be in readiness to dissolves a fn‘sh lot of matt(‘. 
These cone-shaped tanks sc^rved a double pui'j)os(‘; to give tln^ cujirous 
chloride an opportunity to setth‘, and to cool tlu^ solufion. This licpior 
when hot holds in solution a larger amount of cuprous (dilorich^ which 
precipitates out as tlu^ temperature falls. The t(‘mp(s*atur(^ of th(‘ li([Uor 
in the first cone was (f, and in tln^ six following (uim^s it was, 4S.(), 

47.0, 45.0, 39.5, and 37. (P (f, so that tin* t(‘m|H‘ra(.ur(^ of the last cone 
was 19.5*^ low(n* than that of th(‘ first. The’! cooling proves! to be sufli- 
cieut, as no fiirtluu’ pr(‘(‘.ipitation took places in tln^ storage^, tanks. 

Ikdow th(i lovcl of th(‘. cones w(‘r(‘ three vacuum filtcu’s, into whic.h the 
former could Ix^ dis(diarg(Ml by ojxuung the bottom valve. Into tlieso 
filters the cuprous chloride^ was allowed to drain, tluui nuuu ving a thorough 
washing. The wasluxl prtudpitate was tluui convcu’tiul into cuprous 
oxide. 

ConverHion of the Cuprovs (Uiloritlr. into (^.uprom fkru/c.— The (uun 
version was done with milk of linu*. '‘flu* lime* was sbudcisl in a lint box 
and colle(4.(Hl in settling tanks. From tluw* tanks the milk of limci of 
jirojier (sinsistcmcy was cdiargcsl, by nuuuis of a stcuim syphon, into a stir 
tank and h(uit(‘d with a j(‘t of st(*am. The wasluxi cuprous chloride was 
gradually cdiargisl; it.s color chaugcxl from whiti^. to nxL (hiprous oxide 
and calcium chlorides werc^ fornuul. As <udcium c.hloridi^ disHolvc^s 
cuprous chloride^, tln^ (udedum chloride which was formed in proportion 
as the convuu’sion progresH(»s will dissolves sonu^ of tlu^ frcsshly c.harg(‘d 
cuprous chloridix On this propeu’ty of cahuum cddoridi* was based the 
test by whi(‘h the* conv(‘rsion is conduct(*<l. Aft(‘r a c<‘rtain amount of 
cuprous chloride*, had l)(M*n addesl to the^ milk of lime*, charging was inter- 
rupted, the* stirr(*r, how(*v(*r, Inung keipt in motion. About 10 minutes 
later, a sample was tak<‘n in a wide nee'keul bottler HUHj)end(*d liy a copper 
wire. Part of this sample* was filt(‘re*d and nitric^ acid and th(*ii ammonia 
added to the filtrate. If the* blue cedeir appeared, some cuprous chloride 
was still diHHolvexl in tim cale‘ium chloriele sedution. The agitation was 
then ceintinued for 15 or 20 minutc's, when imother sample was taken. 
If the I)lue color a|>|)oared again, more milk of lime wm gradually added 
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and at intervals. After each interval a test was made until the blue 
color ceased to appear. The last part of the operation had to be con- 
ducted carefully to avoid an excess of lime. 

The pulp consisting of cuprous oxide and calcium chloride was 
forced, by means of a double acting pump, into a Johnson iron filter 
press, where it was washed. The cakes were dumped on a lower floor 
and dried on steam slabs. When dry, the cuprous oxide was carted to 
the copper smelting department and dumped into bins conveniently 
arranged on the charge floor of a cupola furnace. In this furnace it was 
reduced to metallic copper. 

The cuprous oxide always contained from 4 to 5, and sometimes as 
much as 11 oz., silver per ton. Some of the silver undoubtedly came in 
with fine particles of matte residues, which were still suspended in the 
solution when it was charged into the towers for treatment with sulphur 
dioxide, although the resulting cuprous chloride was clear white and 
did not show any coloration. However, after more settling tanks were 
inserted for the solution, the cuprous oxide contained considerably less 
and more uniform amounts of silver. A sample of cuprous oxide con- 
taining 6.25 oz. silver per ton, when leached with a solution of sodium 
hyposulphite, still contained 5.5 oz. silver per ton, so that only 0.75 oz. 
per ton could be extracted by that solution. This test was made with 
cuprous oxide produced before the additional settling tanks were in use; 
afterward the cuprous oxide did not contain over 2 to 3 oz. silver per ton. 
The resulting calcium chloride solution gave with sodium sulphide a 
dark precipitate which consisted mostly of lead sulphide, with only a 
trace of copper and no silver. 

In smelting the cuprous oxide in the cupola, very strong and offen- 
sive fumes were formed. These fumes were white, but when very strong 
assumed a reddish tinge. They consisted chiefly of volatilized cuprous 
and cupric chloride, some hydrochloric acid and flue dust of cuprous 
oxide. An investigation showed that the cuprous oxide still contained 
1 to 2 per cent, chlorine, notwithstanding the fact that it was subjected 
to a very thorough washing in the press. This chlorine could not be 
removed or reduced even by an extended washing. This was not due to 
the presence of cuprous chloride, caused by an insufficient quantity of 
lime being used in the conversion, for, even if for the sake of information 
an excess of lime was used and an unusually long time given for conver- 
sion, the above stated percentage of chlorine was always found in the 
cuprous oxide. 

The obnoxious character of the furnace gases was destroyed by 
passing them through a shower of milk of lime. A tower was arranged 
which was provided at different levels with strong wooden grates. At 
the foot of this tower tanks were arranged for making and receiving milk 
of lime. Two of these receiving tanks were connected with a force 
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pump. The flue was connected witli the wooden tower. Coarse lime 
rock was placed on the different fi;rates to detain the milk of lime in its 
downward course as long as i)ossible. At the top several perforated 
pipes, through which the milk of lime was forced by means of the pumps, 
were so arranged as to furnish an even s})ray. The bottom of the tower 
was made tight and the outh^t made to convciy the stream into one of the 
other tanks, so tliat the milk of lime could be passed through the tower 
as often as desircui. 

The effect of the milk of lime was very gratifying. The strong 
offensive odor of th(i gas(‘s disapi)ear(ul entirely. The color of the milk 
of lime turiK'd gradually darkcu* and betuune finally olive green and very 
rich in coppcu*. No (‘o|)pc‘r {‘scapcul with the gases. When the above 
green pulp was filt(*nMl th(^ filtrate coutaiiunl 11/2 per cent, to 2 per cent, 
chlorine. The (nuij)oratic)n was gn‘at and watcu* had to be added frc- 
(piently to maintain the same volunui of ])recipitate. This method 
pr()V( 3 d its(»lf su(n^(‘ssful and was finally jxu-manently installed. 

sTrcatmv.ni of the IViush Water. — In the course of the process a great 
deal of wash Avatcu* was mad(‘, prin(;i])ally from washing the copper matte 
residues and the (mprous (thlonhle. Thci latter, which contained from 
1 to 2 ])er cumt. coppcn% was (^<yll(‘ct<id in a number of large tanks, from 
which it was drawn to bc^, Hubj(^(tttHl to special treatment for recovering 
the co|)p(n*. Wash wulvr <5ontaining 2 p(‘r c<mt. copper and as much as 
j)ra(;ticabl<j of the weiWex portion, went back to the process and was 
used instead of wat(u\ 

T(^ prodiKu^ a clean c(!m<mt copper frcm from chlorine, a trough was 
construe, t(al, in H(U‘,tiouH, alH)UH 200 ft. long and 12 in. wide and 14 in. 
deep. Ml scudlons wi‘rt^ ]jlaced horiy/outally, but each succeeding one 
was pla(u‘d thr(‘(^ in(rhc*s I()W(‘r. The ouihjt of eacdi section was two inches 
lower than tlu^ iul(‘t. In souk* of thc^ sections the compartment was made 
by inserting across tlu^ wi<lth of the trough two boards 6 inches wide. 
These pla(‘.(‘d abruit 12 in. apart to allow for the insertion of a steam 
j(^t. Tliis |)art of tlu^ trougli wm tightly covered for 2 ft. on either side 
of tlic jet to prevemt the solution from being splashed out by the steam. 
The 200 ft. of tr<mgh was arrangcul in U shape to avoid too long a build- 
ing, and to mak<^ tln^ handling of the material easier. After passing 
through thc^ last siU’tion, the H<duti(m flowed through a few scrap iron 
tanks to preeijntate^ any eop|)er which might be present as sulphate. 
Each Beeddou of tlu^. long trough mm charged about 4 in. deep with 
cement evenly spread. The mmh water from the main depart- 

ment flowed itdo a circular tank 8 ft. in diameter and 5 ft, deep, thence 
through an overflow into the first section of the long trough. The pxir- 
pose of the circular tank was to heat the wash water by means of steam 
jets l)eforc it entered the long trough. It gave an additional, though 
not very effective, opportunity for the settling of particles of matte 
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residues which might not have settled in the proper wash water storage 
and settling tanks. As the wash water resulting from the different oper- 
ations of the process contained cupric sulphate in addition to cupric 
chloride, salt w^ater was added to the storage tanks to convert the cupric 
sulphate into cupric chloride. 

By passing the wash water tlirough and over the cement copper the 
copper was precipitated as cuprous chloride. Once a day the cement 
copper in the troughs was gently worked in order to bring fresh particles 
to the surface. At one side and below the level of the troughs, a re- 
volving barrel, 10 ft. long and G ft.- in diameter was erected; when a large 
part of the cement copper in the troughs had changed to cuprous chlo- 
ride, it was removed from the troughs and charged into the barrels, to 
which small scrap iron, water and salt were added. By means of a steam 
pipe, the pulp was slightly heated to start the reaction; then the steam 
was turned off. This ])ipe entered the ])arrel through one of its axles 
and was bent downward to reach into the pulp; it was kept in position 
])y a stuffing l>ox. Very so{)n an energetic reaction took place; the heat 
developed causing the ])ulp to boil violentl^x The steam found an out- 
let through another pi|)e inserted through the opposite axle. The salt 
was added to dissolve some of the cuprous chloride; this caused the 
redaction to start mon^ f|uickly. The cui[)rous cldoride changed to cement 
cop|)er and tiie iron into f(‘rn>us (ddoride. The latter had the same 
effec.t as salt and disHolv(‘d cniprous chloride, thus assisting the process. 

After the steam ccuised to es<‘a])e, tlie barrel was stopped and a 
sample taken. The sample was filtered and the filtrate tested. When 
the blue color could no longer be obtained with nitric acid and ammonia, 
the pulp was rcnnly to be dis(duirg(‘d. The conversion was completed 
in from 6 to 10 hours. Bellow the l)arrel was a sciuare tank, with a 
filt(‘r bottom, fitted on two oppositci sid(‘s with rails which extended 
beyond the tank. On this track was an 8-mesh sc.reen fastened to a 
wooden frame and provided witJi four wheels. The screen covered the 
whole top of the tank. In discharging the l)arrcl, the copper cover of 
the manhole was nunovc^d and the I)arr(d gradually turned by means 
of a crow-bar. When the charge was out, the inside of the barrel was- 
rinsed with water. The scnnui retairunl ]>icceB of iron, while the cement 
copi)er and solution passed through to the filter tank. By means of a 
stream of water, the iron on tln^ scrcnui was separated from adhering 
cement copper and returncHl to th(^ barrel to serve as part of the next 
charge. The screen on wheels was pushed away from the tank, the 
outlet under the filter opened, and the iron solution allowed to drain off. 
Then warm dilute sul{)liuric a(dd was permitted to flow in. As soon as 
the acid appeared at the outlet the latter was closed. The acid was 
applied to remove basics salts, to prevent their formation as far as pos- 
sible, and to dissolve any small pieces of iron which had passed through 
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the screen. After several hours the acid was removed to a special tank 
to be used again. The copper was then thoroughly washed in the tank 
to free it from acid. The resulting cement copper was of a vei-y clear color 
and unusually pure, containing 99 per cent. coj)per and but a trace of 
arsenic. It was melted in the refining furnace. 

This method gave such good results tliat tlirec more ban*cLs W(M*e 
erected. The method eliminated the conversion of cuprous choloihle 
into cuprous oxide by the milk of lime, the smelting of the prodin^t, in 
the cupola furnace, the treatment of tlic furnace gases, the very iuic](‘an 
manipulation of the scrap iron tanks, and the additional treatment of 
the cement copper to free it from cuprous chloride. 

Modification of the Hnnt and Douglas Process . — To simplify the o])- 
erations and to avoid the saturation of the solution with sodium sul- 
phate and its attendant disadvantages, Hofmann worked out and 
successfully introduced the following modus oixa’andi: 

1. The process was started with a stoc.k of dilute sulphuric acid. 
By treating the roasted matte in the usual way in tiu^ stir tanks, a chxin 
sulphate solution was o])tained whicli filtc‘red W(‘ll in tlu^ pr(‘ss(\s. 

2. The sulphate solution was chloridi/aul with hydrochloric acid, of 
which in starting, a stock on hand was re([uir(Hl. i^y chloridizing Iho 
sulphate solution with hydrochloric acid, cupric chlorides is fornuxi and 
sulphuric acid set free. No foreign salts are introchuxxl and th(‘ solidlon 
remains clean, while by chloridizing with sodium (diloride tlu^ solution 
becomes quickly saturated witii sodium sulj)hate. 

3. The cupric chloride solution containing tlu^ libcn-atcxl Hul])huri(; 
acid was then treated in a stir tardc with exunemt copj)er. Th(‘ (Uipric 
chloride by the action of metallic coj)p(‘r is rcxlmuxl to cuprous clilorid(q 
while the sulphuric a(ud remains inudiangcxl. A sbxuti j(d, is us(‘d to 
hasten the reaction. An exc(\ss of c(un<uit coj)p(n’ s(‘rv(‘s th(‘ same jmr- 
pose. When the filtrate of a sample sliows no nxKd.ion for (a)j)p(‘r, tlu^ 
operation is completed and tiie pul]) is drawn, into a pr(\ssurc ta.nk and 
forced through a filter pn^ss. The iiltratc^, whi(di is now a. (^hxin sul|)lHU’i(^ 
acid solution, is elevated to storage tanks, wJunuie it is us(xl as rxxpdrcxl 
to dissolve the cupric oxides of a now lot of roastcxl nud.tc^ To produce 
as little wash water as posHil)l(^, the solution a])sorl>ed ])y the ma-tt(i 
residues and by the cuprous (dilorichi is fonuxl out by (x)mpr(^ss(xl air; this 
works very well, as the filt(u-ing capacity of l)oth nuiterials is not 
lessened by the formation of crystals. F or tJu^ saiiu^ nuisou tlu^ sul)S(ujuent 
washing is quickly done, re(]uiring (;omj)arativ(rIy but very lit.tk^ wabu- 
to accomplish it. 

4. The washed ciqjrous eddoride was treated in revolving barj-cds 
in the same manner as described above, but care was taken tJiat no more 
water was added than necicssary, so that as strong a ferrous chloride 
solution was produced as practicable. 
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5. The ferrous chloride solution was evaporated in the same iron 
pans which were formerly used for concentrating the calcium chloride 
solution. 

6. The solid ferrous chloride was charged into retorts, which were 
provided with water for steam and air. When heated heavy fumes of 
hydrochloric acid were formed; these were passed through a cooling 
arrangement, in which a large portion was condensed. This condensed 
acid was strong and contained 35.6 per cent, chlorine. The acid fumes 
which were not condensed \vere made to pass through two towers made 
of stoneware pipes and filled with coke. The gas escaping from the 
first tower entered at the bottom of the second. To avoid the accu- 
mulation of too much water in the stock solution, cupric sulphate solu- 
tion was used instead of water as a spray for the coke, thus chloridizing 
tlie solution. The solution, as a ruh^, after passing through the towers, 
contained an excc^ss of hydrochloric acid. This condition, however, 
was properly adjusted by adding sulphate solution before the treatment 
with cement co])])(U*. 

7. The resulting amumt cop])er was very pure, containing from 
90 to 94 ]>er cent, and more copper. This was smelted in a refining 
furnace; no obnoxious funu^s were evolved as in the case of cuprous 
(diloride. There was, of (*ourse, ii loss of sulphuric acid as well as of 
hydrochloric acid which was caused chi(41y by the wuish water; these had 
to l>e r(^pla(ual from tune to time tf) kee\) up tiic volume of stock solution. 
However, this shortages was not gnait and the loss of replacing it was 
far less than thad of tluj <‘Iiminat<‘d oj)(u-ations. 

This inodifi(id ])ro(;<‘ss was used for some time until Hofmann 
receiv(ul instruc.tions from the company for tlie necessary alterations of 
the works to pr(^i)ar{i for the more profitabhi manufacture of blue vitriol. 
This was done by Hofmann's nudhod of producing this material 
direct from tlui roasted cop|HU’ mat t(^, dciscunbed in chapter 18. 

Copper Extraction at Falun, Sweden.^— The old copper mine at Falun 
prodinais two class(‘s of mimu’als known as hard and soft pyrites respec- 
tively. Tlie fornuT, consisting of mixtur(‘s of cpiartz and copper pyrites, 
contains aI>out 3 1/2 p<‘.r (Huit. and the latt(^r, which is mainly composed 
of iron pyrites, about 1 ]><u* eent of copper. The hard ore is roasted in 
heaps, al>out 10 p(‘r (^ent. of tln^ sulphur btung driven off, while the soft 
pyrites is treated in sulpluirie acid works, al)Out 30 per cent, of the 
sulphur being xitilizcal. 

The burnt residues, to the extent of about 45 tons hard, and 12 tons 
soft, per day, are mixeal with 14 and 10 per cent, of salt respectively, 
and ground in ball mills. Tlie liard ore mixture is then subjected to 
a chloridizing roasting in a White-llowcll roasting furnace, in which 

and M, J., Aug. 30, 1002; Borg and Iluttenmanische Zeitung, 1902. 
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15 tons are roasted in 24 hours. The soft ore is roasted in a double bed 
roaster in which 7 tons are worked through daily. 

When complete chloridization has been effected, the roasted material 
is transferred to wooden vats, where the cupric chloride is dissolved out 
by weak sulphuric or hydrochloric acid, the latter being obtained by 
condensing the waste gases from the roasters. 

After the ore has been treated with the dilute acid solution, it is 
washed with clear water. The wash water is pumped back and used as 
a second liquor on a following charge. 

The solution from the ore contains all the copper, bismuth, selenium 
and silver, together with a portion of the gold contained in the ore. 
The remainder of the gold is extracted later by washing the residues 
with chlorine water. 

The copper solution is precipitated by scrap iron as cement copper, 
which, together with the associated mud and iron salts, is smelted and 
granulated for conversion into copper sulphate by means of dilute sul- 
phuric acid and air in the ordinary way. 

The residual mud from the copper sulphate crystallizers, containing 
gold, silver, selenium, and bismuth is dried and smelted with litharge, 
soda and sawdust to collect the precious metals into lead. The gold- 
bearing solution from the chlorine extraction is reduced by adding a 
portion of the original copper extracting solution containing ferrous chlo- 
ride, which reduces the chloride of gold, producing metallic gold and 
ferric chloride. The gold so obtained is extremely finely divided, and 
an addition of lead acotiito and sulphuric acid is necessary to obtain a 
sufficiently dense precipitate. The gold precipitate is smelted with lead 
in much the same as the copper precipitate. The wasted liquor from 
the copper extraction is worked up for ferrous sulphate, which by roast- 
ing, gives a red ferric oxide, which is used for paint. 

The annual production of the works is as follows: 


Copper sulphate, 
Ferrous sulpliate, 

Iron oxide, red paint, 
Silver, 

Gold, 


1,600 tons 
300 tons 
1,000 tons 
400 kilograms 
100 kilograms 


The Bradly Process.^— In the Bradly process the sulphide ore is 

carefully roasted, in what he calls an amphidizer, which '' 

rotary drum with a central heating flue through 
be supplied. The rotation of the drum operates tc 
and air through the drum in one direction and 
to the same end, so that the copper is more 
phated and the iron oxidized. The roastinf 


^ E. and M. Jan. 0, 1912: TJ. S. Patent 1,011,56 
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perature of from 450 to 550^ C., air being blown into the apparatus to 
hasten the oxidation. 

The roasted ore is then treated with an excess of calcium chloride 
solution in a reaction drum, while the temperature is maintained at 
about 100"^ C. Cupric chloride is produced by the reaction between the 
copper sulphate and calcium chloride, while any ferric sulphate in the 
ore, due to the roasting, reacts with calcium chloride to produce ferric 
chloride. The calcium sulphate resulting from both these reactions is 
insoluble and is separated by filtration in the succeeding step. The 
production of ferric chloride at this point is advantageous in that it dis- 
solves copper oxide, copper sulphide or metallic copper, which remained 
unaffected by the roasting, producing copper chloride, and this ferric 
cliloride also maintains the copper chloride in the cupric condition. 

The gold and silver in the ore are brought into solution by convert- 
ing all the copper into cupric chloride and then adding a small amount 
of chlorine, chlorous, or chloric compounds. The chlorides of silver 
and gold being solulde in calcium chloride solutions may afterward be 
precipitated with tlie copp<n’ and subsequently separated. After leav- 
ing the reaction drum th(>: mass of gangue, solution, and precipitates is 
subjected to filtration. The solid matter forms a cake which consists of 
the gangue in the ore ex(uq)t a small amount of iron and alumina which 
have l)ccn tak(m into sohition and thecalcium sulphate precipitate already 
mentioned. The solution comprises a carrier in w^hich has been dissolved 
the metals to be recovercMl, a small amount of iron and alumina and any 
zinc whicli may hav('. been in tlu) ore; the arscmic will have been separated 
by filtration, as it has hc<‘n nunhu'ed insoluble. The solution is then 
Bubjec.ted if ne(‘.(‘Hsary t{) a further oxidizing operation in order to be 
sure that tlu^ mei.als are all <*,oml>ined at their highest valency. 

The solution is tlum in condition for treatment for the separation 
of the dissolv(Ml metals. The precupitation of iron and alumina may be 
made by (uipric oxides, liydrate or calcium carbonate, and as this precipi- 
tate will curry some copper it is niturned to the arnphidizer, or roasting 
furnace, after having been removed from the solution l)y filtration. In the 
amphidizer tlie iron and alumina in the precii)itate are rendered insoluble, 
while the (‘opper is left in a soluble condition and can be recovered- The 
solution from which the iron and alumina has been removed and which 
then contains the bulk of the copper is run into a second tank in which the 
copper is precipitated l)y carl)onate of lime as oxide of copper. This 
precipitate is filtered from the solution and the copper is recovered by 
further treatment such as l)y reduction in an ordinary smelting furnace. 

Any silver and gold in the solution is carried down during the pre- 
cipitation of the iron, aluminum, and copper, and finally recovered by 
separation from the latter metal. Zinc contained in the ore passes into 
sohition fls ohlorido of 7.ino and accumulates. It is therefore necessary 
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at stated times to run the solution, or a part of it, after the final treatment 
and before returning it to the reaction drum, to a third precipitator in 
which the zinc is precipitated by means of caustic lime. The regenerated 
solution from which the gangue and all metallic compounds has been 
removed and which contains calcium chloride is returned to the reduction 
drum for the treatment of additional ore from the amphidizer, thus 
completing the cycle. 

During the roasting considerable dust and fumes are given off, con- 
taining sulphurous and sulphuric anhydride. This is condensed by a 
portion of the solution diverted from the main stream, after filtration 
from the ore, and is again returned to the reaction drum. 

Fig. 48 shows a diagrammatic sketch of the Ib’adly process. 

Longmaid -Henderson Process for Treating Pyritic Cinders. — (The 
descriptions of the early work of this process, and of European practice, 
are principally by Clapliam, Wedding, Ulrich, Gill and Lunge; the 
descriptions here given is taken larg(‘ly from Lunge’s Treatise on the 
Manufacture of Sul])]uinc Acid and Alkali, Vol. 1, 1891.) 

Sulphuric acid is largely made from pyritic ores, many of which contain 
c()|>per wortli recovering, after the sulphur has been roasted off as sulphur 
dioxide for tlie sul])]uiric acid works. Such ores are quite widely scat- 
tered, but the larg(‘st and most valuable (I(‘})osits occur in Spain. From 
tlie Hio Tinto mines in Spain the ore is shi])])(}d to many of the commer- 
cial and manufacturing nations of the world. During the year 1874, 
there exist(al in Great Iba't.ain alone 22 cop])(u; works in which 450,000 
tons of pyritic cinders were treat.cal annually by wet methods for the ex- 
traction of tlie copper. Two of tlu^se works made sulphate, three pro- 
duced refined co])|)(;r, and the nnst sold their cement copper precipitate 
to coppiu’ refineri(‘s. In 1882 the (piantity of pyritic cinders treated for 
copper in Great Britain anirounted to 434,427 tons, containing 15,300 
tons of co|>|)er. 

The jiroccss used in England at that time is still largely in use to-day, 
both in Europe and the United States, and with very little modification 
from the original proiuvss. 

The Longniaid-lleiuhmson Process consists essentially of roasting the 
pyritic cinders, from the siiljihuric a<dd works, with salt, leaching out 
the chloride of cop|)er so fornual, followed hy precipitation with iron. 
Longmaid obtained a jiatcmt dated Octolier 20, 1842, and another in 
January, 1844, 1)oth relating to the treatment of pyritic cinders by roast- 
ing with salt. Longmaid described the jirimdples of the process very 
much as it is carried out to-day, c<u'tainly with a view of making salt cake 
and chlorine as the principal products, and he worked it out on a large 
scale; so that he must be regarded as the founder of the wet extraction 
of copper. Gossage, in 1850, first employed sponge iron for precipitating 
the copper. Henderson carried the process to greater perfection. In 
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1865 he erected a plant at IIeb))urn for tlic Bede Metal Company, to 
extract copper from p^a-itic c.iiukms, the process of wlu(*h ho had pro- 
tected by patent. Hemlerson/s ])rinci])al improvement was tlui intro- 
duction of absorption towers throu^‘.li wluc^li tJie a-cid i;as(^s fi-om tlie 
chloridizing roasting were coudenscHl and yielded a woiik acid solution, 
which was then used in leaching the co])])er. 

The most important ores treated by tin's pr’ 0 (a\ss, in, English works, 
were from Spain and Portugal, and contaiiu^d fi-om 47 to 40 ])ov cent, 
sulphur; from 3.50 to 3.80 per cent. c(>i)per and from 0.75 to 1.20 oz. in 
silver, per ton. 

In the German works, at Oker, the ordinary (a>p])er on^s treated ])y 
this method contained GO })er cemt. iron ])yrit(\s, 23 ])(u* c(mt. copp<u- 
pyrites, 6 per cent, blende, 2 pen* (amt. gahma-, and 9 ])(‘r (amt. gangue. 

The steps in the piaxa^ss may be summa.i*iz(al as follows: 

1. Mixing the ore witli salt and tlnm grinding ilu^ niixtiire. 

2. Chloridizing roasting. 

3. Leaching the roastcal or(\ 

4. Precipitating the silvcw from the a,rg(mtilVrous li<pi(>rs. 

5. Precipitating the copp(a- from tln^ d(‘silv<n*iz(ai li({nors. 

6. To which may ])e add(Ml, tlu^ ])r(‘j)a.ration of tln^ n\sidu(‘, ri(di in 
iron, for the inm smelters. This is usuaJly dom^ at tin; (a)pp(a* works. 

The percentage of sulphur in cind(;rs a,s su])])li(al by tin; a(vid works 
to the copper (vxtraction ))la.id.s vaihas from 2 l,o 10 pov (amt. A fair 
average maybe consideaxal from 4 to 5 p(‘r (am(.. At ()k(‘r l,he (umhu'S 
contained from 5 to 8 p(‘r c(^nt. Hul]>hur and rroin 6 to 9 p(vr (amt. <‘,opp(a’. 

The following ana,lys(\s Gibb shows tin; (aun])(>sition of the pyriti(; 
cinders as the copper works r(aa‘iv(al them: 



1 Kio a’iuto 

'riuirMifi 

San I )<mungo 

Vt ((‘ron 
(Norway) 

Copper ) 

1 .(\r> 

1 . r»o 

1 .00 

I.Ol 

Iron >• Calculated jih CuyS and fa'sSa, . . 

:t.(H 

0.20 

0 . 70 

0.00 

Sulphur J 


0. ir» 

0.02 

0.10 

Cupric oxide 



2 . 70 

0.-17 

O.Kl 

0.09 

6. -10 

0.00 

Zinc oxide 

I 2.02 

; 0.-17 

o.r»5 

0.70 

Lead oxide 

Silver 

0.0007 

0.007 

0.0020 

0.002 

0.0(0 

0.(K)20 

0.00 

0.0 10 
0.2H 


Cobaltic oxide 


Bismuth oxide 

0.010 


Calcium oxide ^ 

0.20 

0.20 

2 . 00 

Ferric oxide i 

77. -10 

77.00 

78.15 

08.00 

Sulphuric acid ■ 

0.10 

0.25 

5.80 

0 . 50 

Arsenic acid 

0.2-1 

0.17 

0.25 

0.05 

Insoluble residue 

l.l.'i 

o.so 

1.85 

8.74 




09. 40 j 

1 

100.25 

99.01 

100.00 
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Philips gives the following as 

Domingo ore: 

Sulpliur, 

Arsenic, 

Iron, 

Copper, 

Zinc, 

Cobalt, 

Lead, 

Lime, 

Insolulile, 

Moisture^ 

Oxygen and loss, 


the composition of cinders from San 


3.GG 

0.25 

5S.25 (S3.0 Fe^Oa) 
4.14 
0.37 
trace 
1.24 
0.25 
l.OG 
3.85 

2G . 93 


Su.mpl(‘s from AVidiu^s and Hcd)l)urn sliowed, 


Coppt'r, 

Sul|)luir, 

Of this there was solubh^ in water, 

( \>pp(‘r, 

Sulphur, 

S(>!ul)le in hydrochlnrif^ acid, 

( 'opptT, 

Sulphur, 

( jopper in.solubhdn wat(‘rand IICl, 

Tlu' on‘S t hat ns(‘d to 1 k‘ tnuitcul at 
montlFs run: 


Widnes Hebburn 

4 . 08 per cent. 5 . 75 per cent. 
4.12 per cent. 3.75 per cent. 


4G . 0 per cent. 2G . 1 j^er cent. 
43 . 0 per cent. 37 . 0 per cent. 


22 . 2 p(‘r ccuit. 13 . 3 per cent. 

55 . 0 per cent.. 59 . 0 per cent. 

31 . 8 p(‘r cent. GO . G per cent. 

()k(*r, showed, on an average of a 


(top|)er (principally a.s CuO), 
iron (principally as FeJ),,), 

L(‘ad (us PbC), 

Silv<‘r, 

Zinc (as Zid )), 

Mungan<*.s(‘ (as MirDtb 
Sulphur, 

S\ilpburic acid ((‘orresponding to 3.8 p<‘r cent. S., 
Alumina, 

Other gangue, 


7 . 83 per cent, 
40.53 per cent. 
2 . 09 per cent. 
0.008 per cent. 
1.95 per cent. 
0.40 per cent. 
3 . 80 per cent. 
9.51 per cent. 
4 . 43 per cent. 
11.05 per cent. 


The j)yriti(^ (dndcu’s as reccdvial by copper extraction works, 
w(‘n‘ first fiiu‘ly groumi to about 8 or H) nu^sh and at the same time 
mixed with a sulhchMit, <i\uudity of salt. In hand furnaces the amount 
of salt varie.l from 10 to 20 per cimt.. hut in mechanical furnaces it was 
lesH— about 7 1/ 2 ix-r cent. .\i < )k(n- tin' (dinUn-s were mixed with 15 per 
cent, carnalliti', which contains chlorides of magnosiuna, potassium, so- 
dium, and calcium; all of wliieh assist in the chloridizing roastmg. 

The chloridizing was done in reverberatory, and in muffle tur- 
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naces. Sometime in a sort of combination between the two, in which 
only a part of the furnace was muffled. See Figs. 10 , 11 , and 12 , pages 
98 and 99. 

The chloridizing roasting of these cinders is in detail essentially 
the same as described in the chapter on chloridizing roasting. Whatever 
the means of furnace employed, the object to l)e attained is to sufficiently 
convert the copper into sulphate, which owing to the presence of the 
chloride salts, at once forms with the cupric sulpliate, by mutual dec-om~ 
position, cupric chloride and sodium sulphate. The iron sliould be con- 
verted as completely as possible into the ferric oxide, so as to be insol- 
uble both in water and dilute acids. 

In roasting, the SO 3 and 0 acting upon NaCl, chlorine is evolved 
which greatly aids in cliloridizing tlie co])])(u* as w(41 as any other .metals 
present. At the same time a large quantity of Jiyd]-()(9i]()ric ^uud is 
formed which converts the oxhh^s of copper, silver, zirn;, etc., into chlo- 
rides, while at the tcm})erature of tlie roasting furnac.e imio chloride 
cannot exist. Since chloridc^s of c.o])per are bot-Ii unstabk^ and volat ile 
at very high temperatures, a low real heat ought not to be exccxHled; 
so that any copper pyrit(*s still pres(mt in. the {und(u-s is not burned, and 
therefore escapes chloridization. 

Wedding descril)es in dc.Uiil tlu^ roasting at Widnes as (‘.arri(ul on in 
a gas furnace. The charge of 4r)()() ]]>. of ore, mixed with 17 ])(‘r 
cent, salt, is spread out evcuily on the licuirth and slowly heated till a 
low red heat has Ixurn. nuic.luul muiri'st tlu^ fir<^ luidgeq' the cliarge is 
rabbled and left to itself, the gas Ixung shut off l)ut tJie air allowcxl to 
enter, so tliat after 2 hours scuircxdy any glowing can l)o percuuved 
at the fire bridge. Aft(U- .1 hour’s and 3 hours’ roasiung, respect- 
ively, the copper of the cJiargc^ ])ehav(xl as follows: 

1 hour’s ro/i.s<,ing S liours’ roasting 
Soluble in wat(‘r, 5-1 pen* C(‘iit. 51 p(‘r (uuit. 

Soluble in liy<lro(thloric aoi<l, 58 p(u* (uuit. 42 jxu- (uujt. 

Soluble in nitric acid, 8 p(;r cent. 7 per cent. 

After 3 hours the (diarge is quite dark, and is now well ral)bled. 
There ougiit to be no ne(;(^SHity for mortj lire, as tJic temperature from 
first should have been raiscHl to tJui ])rop<a* point. Tlio charge is now 
rabbled regularly at sliort intervals, and the tcmiperature of itseJf rises 
in consequence of the (duuuical reacduons, rise becomes sensible 

after 4 3/4 hours, (hunting from the beginning; so that after 5 1/4 hours 
a dai'k red heat is reacJu.xl. Up to this })()int t.luu’o is a copious evolution 
of white vapors and bliu^ flanu^s; from tliis ]xu-io(l there is less of these, 
and it is the roasterman’s principal task to see that heating of the charge 
is uniform, and that some places do not show more flame than others. 
After 6 1/2 hours these flames are almost entirely gone; and this fact. 
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alon^ with the greenish-gray color of the charge, are the principal 
tests for j udging whether the operation is finished. A sample is now taken, 
and if its examination shows the completion of the roasting process, 
the charge, which has now been 6 1/2 or 6 3/4 hours in the furnace, is 
withdrawn. Of the copper now, 

75 per cent, is soluble in water, 

20 per cent, is soluble in liydrochloric acid, 

5 per cent, is soluble in nitric acid. 

In roasting, in order to get the best results, the charge is first heated 
to a temperature sufficiently high to start the chemical reactions, and 
then to maintain these at the lowest possible temperature up to the 
finish, and to see that the entire mass of ore is uniformly treated. 

It is of great importance not to leave the ore any longer in the fur- 
nace than necessary after the roasting is completed. The depth of the 
ore is usually from 4 to 5 in., and this depth of cliarge, while more diffi- 
cult to rabble, facilitates the chloridization, since the gas rising in the ore 
lieatcd both at top and bottom lias all tlie more opportunity of coming 
in contacd'/ with all parts of it. 

At Oker, wluu’c gas-fired furnaces exactly like those at Widnes were 
used, each charges of oOOO 11). of ore with 15 ])er (icnt. carnallite is brought 
to a low rcid lieat in 4 hours; the firing is then discontinued and the 
mass rabbled, for 4 or 5 hours with a very low fire or without any, the 
air valves ])eiug meanwhile^ kejit opcm in order to allow tlie air to act on 
the charge. The charge is then wit-hdrawn and a fresh charge introduced 
as soon as the furnace is empty. Five tons of roasted ore were worked 
off in 24 Iiours, wit h a coal consumption of 10 to 12 per cent. The com- 
position of tlie roasted ore aftm* cliloridizing roasting with 20 per cent, 
carnallite was as follows: 


SOLUHLK I. NT WaTUE 



For 


Per cent. 

Cu, 

. 8t) 

calculated as CuCb, 

8.17 

Ag, 

0.005 

calculated iis AgCl, 

0.006 

Fc, 

0.00 

calculated as FeCl,, 

1.38 

AbO„ 

0,17 

calculated as 

0.56 

Zn, 

1 . 04 

calculated as ZnClo, 

3.42 

Mn, 

0.75 

calculated as MnClo, 

1.71 

Ni, 

0.07 

calculated as NiCb, 

0.15 

CaO, 

MgSO., 1 

1.00 

1 

calculated as CaCljj, 

3.17 

K,SO. 



20.50 

Na,SO., J 

1 


39.066 
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iN^sonunnn in Watuh 




P(‘r (‘(‘nt. 


Per cent. 

Cu, 

2.57 (lulculiiied its 1 

f CuO, 

3.18 


1 

0.03 

Pb, 

1.17 ciilculiiied its 

Pb 80 „ 

1.26 



b'e^C):,, 

47.91 

Fe, 

;M . 50 culculnted as | 


1.02 



. l'’eS„, 

0.18 


0.14 as 

AbO^, 

0.44 

Zn, 

().a7 calculaUHl as 

ZnO, 

0.46 

Mn-Ni, 

tracer 



CaO, 

0.10 cal(uilid.(‘d as 

CiiSOj, 

1.19 

SO3, 

1 .40 



Cl, 

tra(*(‘ 



s, 

0.04 



Insoluble in acids, 



3.69 




60.38 


In mechanical fiuTiaces ](‘ss salt wa,s us(h 1 iha,n in hand roasters — 
averaging 7 1/2 per coni, as against 15 jxn- cnnt,. in tile hand furnaces. 
Sometimes only a portion of tlui salt was addixl at i,lio start, and the 
remainder added afterward. In tlui luullh^ roastiu's the ore is first 
roasted 9 hours with 12 p(^r ccmt. salt and a, not, lun* 2 hours with 8 per 
cent, more salt. In the coinl)inati(>n furintces wit-h ])i'otocting arch the 
weight of the ore was 5(S()() lb., and tlui tinn* of nnisting 8 hours; in the 
mechanical furnaces 5 tons w<*r<^ roastcxl in 9 hours. 

Gibb investigat(xl tlu^ (a>m])a.rat.iv(^ \vorking of the different furnaces, 
which may be summari/.ed as follows; 



r,n.s furiia<*a 

.MuOle 

rurnae.c 

Mechanical fur. 


l\n' (Muit.- 

(hi. per ' 

i 

P<*r * 

(hi. }>er 

l\3r cent. 

Cu. per 



eiuit. 

I 1 

e(‘nl.. 


cent. 

Cupric chloride 

' 4.03 

l.iio 

4.25 -! 

2.00 

6.70 = 

3.15 

Cuprous chloride 

' 0.32 

1 0.20 i 

0 . 35 

0.21 

nil 

nil 

Cupric oxide, 

1 1.26 

! 1.00 

0 . HS 

0.70 

0.32 

0.25 

Sodium chloride 

! 2.50 

1 

3.40 


0.90 


Sodium sulphate . 

13. IH 


17.40 


14.03 


Insoluble copper 

1 

i ' 

0.15 


0.12 


0.13 



1 3.25 


j ii.OO 


3.53 


The principal object in roasting, of courses, is to g<3t as much copper 
as possible soluble in water or dilute acids. In the above comparison 
there is a slightly better result in favor of the muffle roaster, but not 
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enough to give a decided advantage, and the advantage is largely over- 
balanced by the increased fuel consumption of the muffle furnaces. 

At Oker the average results of the constantly taken samples of the 
ehloridized ore showed 75 per cent, of the copper was soluble in water 
as the cupric chloride and neutral sulphate; 20 per cent, was soluble in 
dilute hydrochloric acid, as cuprous chloride and oxychloride, and 5 per 
cent, was insoluble in the treatment of the ore for the copper but was 
soluble in acpia regia. 

In roasting, the sulphur in the pyidtic cinders must bear a certain 
proportion to the copper. With a 4 per cent, copper ore the sulphur 
should not exceed G per cent.; an equal percentage of sulphur and copper 
is preferable. If less sulphur is present, raw pyrites must be added. 

The test for ascertaining the completion of the roasting are made by 
taking a certain definite (piantity of the roasted ore, leaching it with 
water and dilute hydrochloric acid just as in the regular leaching; the 
residue is then boiled with acpia regia, supersaturated with ammonia, 
and allowed to setthq* the more or less 1)1 ue color of the ammonia-cupric 
salt gives a sufficient indication of the percentage of insoluble copper. 

Condensation of the Furnace Gases. — In all ])ut the muffle furnaces 
tlic gas from tlxe roasting ore is mixed with gas from the fire-boxes. 
Even in the muffle furmu’.es tlu^ gasc^s from the ore are mixed with air 
to siicli an extent that a condemsation of strong acid is not possible. 
The acid from the muffle furnac(^s is only slightly more concentrated 
than from the reverberatories; ])ut this is not a serious matter as the 
acids are always usxal in a very dibit solution for leacdiing. The furnace 
gases contain principally, Ixesides oxygem and nitrogen, sulphur dioxide, 
sulphur trioxide, hydrocJiloric acid, chlorine, and very small quantities 
of metallic^ cliloridc^s. Ibuuku'son proposed volatilizing the copper 
entin^ly as (Uipric (chloride and condemse the latter in towers; but this has 
turiKHi out <|uit<i inqiract icable. The (quantity of copper volatilized in 
the ordinary process of roasting is not larg<g about 1/4 per cent, of the 
wliole, and this is condensed with the acid in the tower acid for leaching 
the ore. 

The condensation of the gases from tlic roasters takes place in 
towers made of brickwork set in tar and sand (or, Ixffter, of stone flags), 
and packed witli coke, fire bricks, and the like. lairge stoneware pipes 
arc sometime^s employ<Hl. Coke c.an b<i used for the filling material with 
the muffle roasters; but the other furnac(‘B re(|uire brick, or similar 
material and must have larg<u* condens(u*B, as these towers have to serve 
for a larger volume of gas. Tlxe size of the towers varies with the plant; 
for 12 furnaces a tower of 8 ft. square and 40 to 50 ft. high is sufficient. 
The gas enters at the bottom, meets a spray of water coming from the 
top, which washes the acid out of it, and again leaves the tower at the 
top, whence it is taken downward into a flue leading to the chimney. 
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The total condensed liquid, which is a mixture of sulphuric and 
hydrochloric acids, is used in the succeeding operation of leaching*, and 
frequently is not even sufficient for dissolving all the copper oxide and 
cuprous chloride. The sulphur dioxide in the licpiid is oxidized to sul- 
phuric acid by the action of the chlorine. 

Leaching of the Roasted Ore . — Tlie roasted ovo is carried in bogies on 
tramways to the leaching tanks. The material used in the construction 
of these tanks is wood. It is most difficult to prevent leakage in large 
wooden tanks when using a hot chloride solution; on this account the 
entire floor of the leaching shed is covered with a thit^lc layer of asphalt 
and slopes to one side, so that all liquors can 1)0 rocovenxl in a catch-well. 

The leaching tanks arc square, about 11 XH ft. wide, and 4 to 5 ft. 
deep, made of well seasoned and planed 3-in. })huiks, sec.mxnl by (corner 
pieces, screw-bolts, etc. The joints are tight, (uied by ])utting a little 
redlead between the planks ])eforo putting tJuun tog(d,her; t,lie l)<)ttom 
joints are best caulked with tanx^d spun yarn, a,n(l tlu^ whoh^ tank ])aint(Hl 
with hot coal tar. At Oker huid-liued ta,nks wove us(mI, ])ut th(‘y were 
very expensive and needed freepumt ix^pairing. On tlu^ l)ottom of the 
tank are placed slats, laid on end; and u])on tlu^sc^ p(U‘f()i*a,t(H.l tih^s or 
boards; upon this false l)ottom a laycu* of sif(,(ul furnac^e (umhvrs is spixuul 
out, and on top of this a layer of sand, (a>k(^, or straw from 3 to 0 in. d(Hq). 

The ore is chargx^d upon, tlui IxhI so ]>r(‘))ar(^d a, ml is tlum riiady for 
leaching. The leach liquors aix^ c.onveyiMl in eartlumwaix^ and india- 
rubber tubes of 3 to 4 in. in dianu^xvr, wiiicJi. a/ixi })rovid(id with iron 
pinch-clamps. In order to force tlu^ li(juors from one tank to i,lie otluu*, 
or from tlie catch-well into tlie tanks, simpler st-omwarc injcxd-ors are 
provided, l^ach tank has a slxuini ])i})(j for h(‘a,(,ing. 

In each tank tluu'e is put H) tons of roast, ( mI on^, <iuit,e jiot, from 
the furnace, and is cov(n*ed witli a W(uik licjuor from a j)r(nn’(>us o])(‘rai,ion, 
which gets heated by th.e lu^at of tlui .mass it,s<^If. Afior om^ or two 
hours the now concentrated liciuor is run (df l)y a pliig-hoh^ Ixdow tJie 
false bottom, and is (bdivered to tJu^ ])r(H‘,i])it,at,ing ta-nks. The 3 )lug is 
put in again, and the ore leaclied with, hot wat(n; tJuis w<uik(U‘ li(|uors 
are produced whicJi hyo forcxxl t,o anotluu- ta,nk, a,s dc's^uUxaL (dvruirally 
three waters are put on, and thus most of tlu^ pinx^st copi)er and 1)5 p(U’ 
cent, of all the silv(n' contaiiuid in tlu^ pyrit(^H aix^ ol)tain(Hl. Aft,er tlie 
treatment with the water the dilute ac.id solution from t,hc tower is 
applied, sometimes as many as six applications bed'oro all tlu^ (X>pper is 
satisfactorily extracted. 

The liquoi's olitained by use of acid solutions contain many impuri- 
ties, especially arsenic, liismuth, aiitimony, and lead— aecairding to (iild), 
for each 100 parts of copper, 5.4 arscmic and 0.3 bismuth; these liquors 
are usually treated separately in most works because they yield impure 
copper. 
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As a rule each solution application is allowed to stand only a few 
hours on the ore; the nine washings of each tank, together with the 
filling and cmi^tyiiig, takes about 48 hours. 

The effect of the leaching is best seen from the following by Gibb, 


which at the same time shows the difference 

in work between mechanical 

and hand- worked furnaces; 


Soluble in water 

Mechanical furnace 

Hand- worked furnace 


per cent. 

per cent. 

Cupric cliloride, 

4 . 16 = 1 . 96 per cent. Cu 

3 . 81 = 1 . 82 per cent. Cu 

Cuprous cliloride, 

none 

0.19 0.12 

Cupric sulphate, 

1.S3 O.SO 

none 

Ferrous sulphate, 

0.15 

none 

Ferric sulphate, 

0.75 

none 

Zinc sulphate, 

2.01 

1.95 

Calcium sulphate, 

1.29 

1.39 

Sodium sulphate, 

9.17 

11.13 

Sodium cliloride. 

none 

2.64 


]‘).;5r. 2.77 

21.11 1.94 

Soluble in dilute 11(1 


Cuprous chloride, 

0.15 ^ 0 . 01 p(*r cimt. Cu 

0 . 33 = 0 . 21 per cent. Cu 

Cupric oxide, 

0.225 0.18 

1.01 0.81 

Residue by difference, 80.40 0.08 

77.55 0.11 


100.00 3.04 

100.00 3.07 

Sodium chloride equiva- 


lent to sodium salts 


as above, 

7.56 

11.81 

At Oker, the 

T)ro(!eBB m carried out as 

followB: The roasted ore is 

hiaehed in char^^e8 of 5 tons ea(di, first with the; final li<iuor of a in-evious 

charge, 100 partB 

of this li(iuor, of 1.145 specific gravity, contained: 

Cu, 

0.015 

CoO; NiO, 0.01 

Bi, 

trace 

CaC, 0.12 

FeO, 

2.14 

MgO, 0.52 

Fe/:)„ 

0.15 

Alkalies, 2.61 

AbO„ 

0.11 

Cl, 2.56 

ZnO, 

0.06 

SO, 5.89 

MnO, 

0.31 

As; Sb, trace 


Total Bolick, 14.49 per cent. 


This liquor, already heated in pumping by the injector to 50° C. is 
further heated, when it conies in contact with the hot roasted ore, to 
nearly the boiling-point. When the charge is thoroughly saturated 
with the liquor, the spigot is opened and the liquor allowed to drain as 
long as it shows any blue color. This lasts from 4 to 5 hours and furn- 
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ishes a copper liquor of 1.355 specific gravity and of the following com- 
position: 


Cu, 

3.71 

CoO-NiO, 

9.04 

pb, 

0.01 

CaO, 

trace 

Ag, 

0.005 

MgO, 

0.27 

Bi, 

trace 

Alkalis, 

10.00 

Fe ,03 

\ 0.29 

Cl, 

12.50 

A 1,03 

ZnO, 

/ 

4.97 

SO 3 

8.95 

MnO, 

0.58 

As-Sb, 

0.32 


Total solids, 42.305 per cent. 

After the first leaching is over, the dilute condenser acid, first brought 
to boiling, is run into tanks and allowed to act for 24 hours; then it is 
drawn off, and a third leaching effected by sulpliuric ac.id. For 5 tons 
of ore 250 lb. of chamber-acid of 100° Tw., diluted to 12° Tw. and heated 
to boiling, is employed and allowed to remain in contact with the ore 
for two days, or until the liquor acquirers a neutral redaction. 

The first copper liquors contain most of the silv(u*, and are therefore 
kept apart from the later licpiors, wliicli do not c.ontain as imic.h silver. 

The cupric chloride is, of course, easily dissohuMl in tlic final li(|U()r; 
the cuprous chloride in the preseiuie of alkaline c.hloridc^s is also dissolved 
at a higher temperature witliout difiic.ulty; lasi.ly cupric; oxide is to be 
converted into cupric and cuprous chlorid<;s by the huTous chlojido of 
the final liquors from, previous ap})lic.ations: 

2FeCl, +• 3( hi( ) - F(^( )., T ChiOL “b (hi/ 3 , 

but this could only be done; by an intimate m<Mdiani<^al mixtun; of the 
liquor with the onq and it is tIuuMffon; ])ref<uT{Hl l-o dissolve nuvredy 75 to 
80 per cent, of the copper by nuains of the final li(|uor, and the remainder 
by further leaching with dilute acids. 

Precipitation of the Copper.— Tim ju’^x^ipifidion of the coppenis some- 
times preceded by a special treatment for obt.aining the silver, sciiarately 
from the copper. 

The precipitation of the copper is univcnsally done by means of 
metallic iron, (iibb proposed prec,ij)itating the (;oi)p(;r with liydrogen 
sulphide, but this method was later given up at the llede Metal Works 
where it was tried on a large scale. 

For precipitation with iron, the iron used was eitlxcr, wrought scrap, 
or sponge iron reduced from the rensidues, Liglit serai) is better than 
heavy scrap, but the copper pre<upitated, owing to more impurities, 
gives a lower grade cement copper. The i)r(;cii)itation takes place in 
wooden tanks like those xised in leacdiing the ore, and arc fxirnishcd with 
a steam pipe for heating the copper liqxior. The tanks are filled with 
scrap iron; copper liquor is run upon it and the steam turned on. The 
heating is continued till a bright strip of iron, held in the liquid, no 
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longer indicates the presence of copper in solution. At Oker, according 
to the degree of concentration of the liquors, the boiling takes place 
two or three times before all the copper is thrown down; the process 
lasts from one to three days, and requires as much iron as the weio-ht ot 
copper produced, which proves that a large part of the copper must 
have been in solution as cuprous chloride. Once a month the precipi- 
tated copper is removed from the tanks and washed. If sponge iron 
is used for precipitation of the copper, continuous stirring is required 
for which at some works mechanical agitators are used, at others manual 
labor. At the Bede Metal Works an india-rubber hose, through which 
a blast of air pa.sses, is moved al)out in the tank. Perfect mixture is 
thus obtained, and the j>i'ecipitated copper contains only 1 per cent, 
metallic iron. 

Tlu; composition of the copper precipitated by the various methods 


is shown liy the 

followin 

g analyses by Gibb: 





Pn 

‘cipitated l)y 




Sponpio iron 

Heavy scrap 

1 Light scrap 



i Per cent. 

Per cent. 

Per cent. 

Copper 



! 67 . .60 

72.7)0 

67.50 

Arsenic 



0.137 i 

0.300 

0.100 

Silver . 


0.011 

0.040 

0.006 

Lead 


i 1.30 

2.00 

1.74 

Ferric oxide. 

1 

! r>.ir) 

4.41 

7.56 

Carbon 


' 5.10 



Silica 


1 3.20 



At Oker t lu’ 

1 (*oni]>osii ion of the {‘op])er 

pre(uj)itated 

by scrap iron 


and dried at 1()(P was: 

Cu, 77.4.') 

I’b, ().(a 

Ag, 0.10 

Bi, 0.006 

Ak, 0.04 

SI), 0.1.5 

Fc,()„ 6.72 

AL/l^, 0.0!) 

Zn, . 1.02 

Mn, ' 0.02 

Co-Ni, 0.02 

Out), 0.10 

Mfi()-,A.lkali''K, 2.71 

SO,, 4.. IS 

Cl, 1 . 10 

In.s<)lul)l(! ill acid.s, 0.61 

Oxygen-moisture (hy loss), 2 . 6.64 


100.00 
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The copper precipitate from pyritic cinders made at the Witkowitz 
works, dried at 100° C., was composed as follows: 


Cu, 

11.30 1 

CugO, 

65.31 / 

Ag, 

0.521 

Au, 

trace 

BigOa, 

0.19 

Fe^Oa, 

3.86 

ZnO, 

0.45 

ASoOa 

1.18 

P^O., 

0.20 

CuCl.,, 

0.32 

FeCb 

0.16 

CoCb, 

0.29 

NiCb, 

0.07 

AsCia, 

1.32 

PbSO^ 

2.19 

Na^SO^ 

3.39 

CaSO„ 

5.32 

MgSO, 

0.59 

H,0, 

2. 89 


99.641 


The cement copper from tlic leaching works may be smelted to 
blister copper, or sent to the smelting works. The eoppen' prcci|)itatcd 
from aqueous solutions, if kept separate from that from the a(‘.id solu- 
tions, can be smelted direct to blister c()pi)er by adding to it lime and 
slags; the copper from the acid solutions is frcMpiently so impure that it 
has to be mixed with raw ore, and smelted for ^^loarse metal” wliieh 
yields blister copper only after second treatment. At some works both 
precipitates are melted together, being <;harg(Hl int.o the furna(‘.e while 
moist. The slag produced from this o])eration, c.ontaining from 3 to 10 
per cent, copper, are charged into blast furmuu^s. 

The furnace for smelting the copper pre(‘ipitai.e uhchI at hlnglish wet- 
extraction works arc reverberatory furnaca^s of tlu*, well-known Swansea 
type. After smelting, the slag is skimnUKl off, and thci copper tapped as 
blister copper. When sponge iron has benm used, the excess of caibon 
prevents the copper from being melted directly into blister (;opp(‘r; 
therefore about one-half of the precipitate roastcul in large furnaces 
similar to those used in roasting the ore. Here tlic carbon is burned 
off and the copper partly oxidized; the roasted precipitate is mixed with 
raw precipitate and smelted for blister copper. The blister copper is 
refined by roasting to oxidize the iron, sulphur, etc., followed by reducing 
with charcoal the oxide of copper produced in the roasting, and poling 
according to the method of smelting usually employed by the copper 
smelter. The copper produced in this way is pure and tough. 

17 
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Precijntation of the Silver . — Most cupriferous pyrites contain some 
silver^ and small quantities of gold. The cupriferous pyrites cinders 
from Spain, according to Phillips, contain on an average of 0.0027 per 
cent, silver, and 0.0001 per cent. gold. On roasting with salt, most of 
the silver and much of the gold is converted into the chlorides. Owing 
to the solubility of silver chloride in a solution of other chlorides, and 
the solubility of gold chloride in water, the silver and gold chlorides are 
extracted with the copper by the leaching solvent. At the present 
time, when copper is refined electrol}diically at a small cost, no attempt 
is usually made to recover the gold and silver separate from the copper. 
In earlier years, however, this separation was desired, and various 
schemes were propostnl for their separate recovery. 

Claudit Process . — Of the methods proposed for the separate recovery 
of the silver and gold, that devised by Claudit was quite generally 
em|)loyed. 

This pro(‘ess consists in precipitating with a soluble iodide the silver 
from the li(iuors in tlu^ state of Agl, silver iodide, which is quite insol- 
uble in (diloride solutions. Only the first li(iUors, rich in silver, are sub- 
jected to the Claudit pro(‘ess for the precipitation of the silver. The 
other solutions arc r(‘turned to the ore, or they are too dilute in silver 
to malv(^ its rec'ovcry profitaljle. The licpiors, from the leaching tanks, 
and l)efore precipitating the copper, arc run into settling tanks, where 
thc^y are coin]>letely settled and tluur silver contents accurately estimated 
by adding to a certain volume of muriatic acud and a solution of lead ace- 
tate, and aft(U’ward pot,assium iodide. The precipitate is collected on 
a filter, waslied, dried and fused with a flux of soda, borax and finely 
pulverized (carbon. TIhj loml regulus is cupelled, and from the weight 
of the silver thus ol)tain(Hl, that contained in the liquors in the settling 
tanks is computed. To tlie licpior in the settling tanks is then added a 
solution of potassium, sodium, or zinc iodide of known strength, so that 
tluj (piantity is just suflicient to precipitate all the silver; the iodide 
solution is diluted to siudi an extent that it amounts to one-tenth the 
volume of the li({uid. 

Tlie rcuictions for tint precipitation of the silver with sodium and zinc 
iodides arc: 


AgCl + NaI=NaCl + Agr. 

2AgCl + Znl^ = ZnCI^ + 2 Agl. 

The prccii>itated iodide of silver is allowed to settle for about 48 
hours, and tcisted in the laboratory to see if the precipitation has been 
complete. The liquors arc then run into the copper precipitating 
tanks, where they are treated in the usual way for tifie precipitation of 
the copper. 
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The quantity of iodide employed for the precipitation is much 
larger than that corresponding to the silver present, since a portion 
of the lead is also thrown down as PbCl^. The silver is probably 
precipitated before the lead, but a fractional precipitation is not 
possible, so that necessarily a corresponding excess of the precipitant is 
required. 

The precipitate, consisting principally of Agl, Pblo and PbS 04 (which 
is deposited on cooling the liquor), is well washed with water; and after 
a sufficient quantity of it has been collected, it is treated with metallic 
zinc and hydrochloric acid or with sodium sulphide; 

2AgI-!-Zn = Znl 2 H- 2 Ag. or 

2 AgI + Na 2 S = 2NaI -f Agy^- 

Thus the Agl and Pbl.^ arc decomposed (JoinpletelyAho P 1 )R 04 partly, 
and liquor containing zinc or sodium iodide is obtained, which is employed 
again and the cycle continued indefinitcily. 

After two or tlirec days the precipitated litpior is drawn off, and 
run into copper precipitating tanks wlicre the (topper is preevipitated, in 
the usual way. The liquors may still contain 2 to 3 milligrm. of 
silver per liter. The tanks arc furnished with two outh^ts, one at the 
bottom and the other about 8 inches higlun’. The desilverized solution 
is drawn off the upper hole while the ])reci])itate nunains undisturbed 
on the bottom. New licpior from the leaciiing vats is then let in and 
the procedure repeated until thei'o is a suflicient silver slime in the I)ot- 
tom that it has to 1)C recjovered. This is usually done every month or 
two, depending on the percentage of silver in the ore. 

The precipitate ol)taincd, treated with zinc and hydrochlori(i acid, 
ready for melting, contains from 3 to 10 per cent, silver and usually 
some gold. An anlaysis shows the following composition: 


Ag, 

5.05 

Au, 

0.0(> 

Pb, 

(52.28 

Cu, 

O.tiO 

ZnO, 


Fc,0, 

1.50 

CaO, 

1.10 

SO,, 

7.(58 

Insoluble, 

1.75 

Oxygen and loss, 

8.(52 


100.00 


About two-thirds of the silver and gold originally contained in the 
roasted ore is recovered, with care, by the Claudit method. Under 
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normal conditions, from 10 to 15 per cent, of the iodide is lost in pre- 
cipitating the silver. 

Dispositioii of the Residues. — The residues, from the leaching, make 
a valuable ore of iron, and is known as purple ore'' or ''blue billy." 
In this way the additional profit may be realized. The following is 
the composition of tw’'o average samples: 


Ferric oxide, 

90.61 

95.10 

Copper, 

0.15 

0.18 

Sulphur, 

0.08 

0.07 

Fhospliorous, 



Lead sulpluife, 

1.46 

1.29 

Calcium sulphate, 

0.37 

0.29 

Sodium sulphate, 

0.27 


Sodium chloride, 

0.28 


Insoluble, 

6.30 

2.13 


99.62 

99.55 

Metalic iron 

63.42 

66.57 


This shows an excellent (|uality of iron ore, entirely free from phos- 
pliorus, and containing l)ut little sulphur. Its slight percentage of 
cop|)er do(‘s no harm. The lead (‘ontained in the pyrites remains behind 
in the r(\sidue in the shape of sulphate, and injures its quality as an iron 
ore. ScliafTner ])ropos(Hl drenching the residues with a solution of cal- 
(dum chloride, heat ed to about 40® C., and acidulated with hydrochloric 
acid. By mutual d(H‘om|)ositiou, gypsum and lead chloride are at once 
formed, wlncii remains dissolved in the achl liquor. This is run off and 
brought in contact with m(jtalli(‘. iron, which precipitates the lead in the 
metallic state. After washing, the purple ore is quite free from lead sul- 
|)hate. At the same time the dissolves the last traces of copper 

and silver present as (Ai./ and Ag(d; thc*se are precipitated along with 
t.he lead. It slmuld l)e notc^d that hydrogen sulphide fails to indicate 
the lead in a solution of cudeium (;hloride acddulatcd with hydrochloric 
acid. 

Th(^ only drawback to ilio use of pyritie residues in smelting for iron 
is their fineness, which militatx*s against their desirability. Unsuccessful 
attempts for a long time were made to agglomerate this ore but without 
BiuuiesH. At present, however, this is cheaply done by sintering, or by 
partially fusing it. It coin cheaply be sintered by mixing with it from 
7 to 10 per cent, coal or coke dust, the mixture moistened to the proper 
consistency, placing it on a permeable hearth such as broken limestone, and 
then applying suction (down draft) so that the intense ignition of the 
coal dust fuses the ore and agglomerates it into a strong porous mass, 
and puts it in ideal condition for smelting. ^ 

^ John E. Greexmwalt, U. S. Patent, 839,064, Dec, 18, 1906. 
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Experiments made in Denver by this method gave excellent results 
both as to cost of sintering and product obtained. These experiments 
have since been duplicated in large installations in working plants. 

In some works the residues are bricpictted, and the bricpictts, after 
being dried, are subjected to a high temperature, so that partial fusion, 
they become coherent. In still other works the residue is sintered and 
nodulized by passing the pin-ple ore tlirough a rotary cylinder similar 
to those used in revolving roasters, in whicli the ore is heated to a high 
temperature by means of powdered coal blown in at tlic discharge end. 
This product varies in size from tliat of rice to tliat oi* walnuts, and forms 
hard balls more or less thoroughly sintered. By the Grcindal method 
the cinder is formed into briquetts of uniform size l)y an automatic 
plunger press. The briquetts are loaded on flat cars, which arc then 
slowly pushed through a channel furnace 150 to 200 ft. long, where they 
are gradually heated until they arrive at a zone of the furnace where the 
temperature reaches 2400*^ E. The finished product is liard and strong, 
but porous, so that it is well suited to l.)last furnace work and open hearth 
practice. 

The cost for nodulizing or briquetting will vary fi-om $0.75 to $1.25 
per ton. Costs for sintering have not yot been estal)lished. 

Longmaid -Henderson Process at the Helsingborg Copper Works, 
Sweden. — In preparing the tanks for the ore, stambird bricjks are placed 
on edge on the bottom. On these special pcndora-tc'd brick, 12 in. scpiare, 
are laid as a false bottom for a filter composcid of straw or screened lump 
cinder, iron ore or something similar, on top of whicli the ore is (diarged 
and leveled. The tanks arc built elliptical in shape'., one diameter of 
which is 10 ft. and the other G ft. The inside depth is 4 ft. ajul the 
thickness of stave 5 in. 

After leveling the charge, acid li([uors of 5 to 8® Ik strength, ob- 
tained in previous leaching, arc lot into the tanks, ddie orc^ is still 
warm from the roasting. The first liepior issuing from ihe vats is very 
strong — 4if B. It contains al)()ut 5 })(ir c.(mt. copixu* and nearly all the 
silver. It is transferred immediately to tlie nilvc.v prcx'.ipitation d(v 
partment. 

When the strength of the licpior as it is <lrawn from tlie vats lias 
gone down to 22^ B., it is taken to the cop])er jirecipitai-ors. Tim (ton- 
tinues until the strength of tlie outgoing li(iuor has gone down to KB Ik 
The incoming liquor is shut off and in if,s places a.(dd from tlu^ towers is 
let into the tank. The acid is allowed to remain in the tanks two hours, 
at the end of which time tlie liquor is exchanged for fresh acid, which in 
its turn remains two hours. The liquor so olitained is used in tlie first 
application for freshly filled tanks. 

After this leaching, the ore is washed with water, first with wash water 
from a previous operation and finally with fresh water. To test whether 
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all the copper is extracted, a well-polished iron plate is immersed in the 
off coming solution; if there is no coloring of copper, the leaching is 
finislied. 

The wash water ought to have a temperature of about 50° C. The 
time of leaching is usually about 40 hours for a 10-ton charge. 

Of the copper in the nuisted ore a])out 80 per cent, is soluble in warm 
water, 

16 per (‘.ent. solul)le in weak hydrochloric acid, 

4 per cent, insoluble, and remains in the purple ore. 

The purple ore is briquetted and sintered and then smelted for iron. 
The crude purple ore contains GO.G per cent, iron and 0.17 percent, 
sulphur; tlic fused briquetts contain GO.G per cent, iron and 0.023 per cent, 
sulphur. 

Longmaid -Henderson Process as Carried out at the Works of the 
Pennsylvania Salt Manufacturing Co., Natrona, Pa. — A description of a 
large mod(*rn ])laut, treating a]>proxiniately 200 tons of pyritic cinders a 
day l)y the Longmaid-IIimderson ])rocess is given by Joel G. Clemer.^ 
The mctliod of ojjeralion is as follows: 

The ])yriti(; cind(‘rs are ground dry in Chillean mills, to about 20 mesh, 
and iuix(Hl during the optu-atiou with 10 ])er cent, salt, testing high in 
Na(tL Thi) mixture is then lift (mI by ]>ucket elevators to overhead hoppers 
from which it. is drawn into tram (‘ars, wedghed, and dumped into the 
furnace hopjxn's, or stti into the floor over the furnaces. Should 

the unburnt sul|)hur in tlu‘ cindurs not be ecpial to the copper, sufficient 
unroastcxl nm is added in the mill to bring it up to 1.5 times the copper 
contemt. 

Th(m 9600 lb. c»f rnixt ure is t akem as a furna(;e cluirge, and is heated 
t,o a V(ny dull-red lieat, say 800° F., and well stirred. When properly 
workcnl such a change^ will iinisluMl in about 8 hours making three 
chargers (^.\nny 24 hours ]H‘r furnace. Tlie ehargcq when finished, is drawn 
from t-lu! furna.c(‘ to thci floor to cool, and then transported in tram cars to 
the hunching vats. 

Muflh^ furnac(‘S have alnu)st ent inJy superseded the old reverberatory 
furna(*C‘s for (‘hloridizing roasting. Contrasting the action of the two 
types of furnaces, thc^ muffle j>oss<‘ss(‘s the advantage of requiring but one- 
half th(‘ (■omleusing ca|>aciiy, as only the gases resulting from the chlo- 
ridization i>aHS through llu^ towm’s while in the reverberatory the gases 
of combustion as well must pass through. Apart from this decided 
advantage of the muffle furnaccq Ixd.ttu* results are obtained, as both the 
gases from the reaction and those from tlic combustion are under 
8C|)arate t*ont.roL 

The constimction of the modern nuifflc furnace is well illustrated in 
detail in Fig. 49. The arch at tlie fire-box is made double to prevent the 

*Mm. Industry. Vols. VIII and IX. 
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cinders from becoming overheated at that end, and the fire flue is placed 
beneath the fiirna.ee rather than at the end of the passageway, which 
is constantly traversed hy thcj workiueii. A bridge wall is constructed 
beneath the bed of the hearth of the muffle and guides the heat directly 
beneath it to the entrance of thci underground flue at the fire-box end 
where the fire flue dam|)er for controling the draft is located. The 
furnace has doors on both sides of the fire and muffle. The furnace 
shown in the illustration was designed for the treatment of cinders con- 
taining less than 2 per cent, copper, witli a normal amount of sulphur, 
the charge ]>eing of usual weight. The hoppers hold sufficient mate- 
rial for an entire charge. 

In the c‘,onstruction of the tanks every supporting timber, plank, 
and pin should be painted on all sides with hot soft tar before being put 



Fkl 50 .~J.)eiaiI.s of tank ronstructiou for leaching cupriferous pyrites cinders. 


in place. This is abs^irbetl by the wood and protects it against the 
(h'structive action of tlu^ acid li(|uors. The tanks should be constructed 
of 34n. ])lank, with an inside siudi of the same thickness, and a space of 
3 in. betwtam the ])lank and tin? sludl. All should he put together with 
wooden pins and bound tog(‘th(‘r a.s shown in the accompanying drawing, 
Fig. 50. The space Ijctween the tanks and shells should be filled with a 
mixture of hard tar and sand. The l)()ttom should be covered to the 
depth of 3 in. with 1 lie mixiaire fused to that between the shell and tank. 
This bottom covering should be protected against wear of shovels by 
a layer of chemical brick laid in cement. 
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The holes for drawing off the liquor are bored through wooden 
blocks 6X6 in. square set inside of the tank near the bottom, and pro- 
vided with wooden spigots or plugs, extending to the weak and strong 
liquor launders. All the launders are made preferal)ly of very sappy 
yellow pine, dug out, with the ends or joints halved together and caulked 
with oakum and red lead. 

The proper dimensions for the leaching, settling, and precipitating 
tanks are, 12X12X4 ft.; 12x12x6 ft., and 12x12x6 ft., respectively. 

In preparing the mixture of hard tar and sand, composed of about 
equal parts, care must be exercised not only to produce a homogeneous 
mass, but also that all the moisture and air be expelled. The usual 
method of procedure is to heat the hard tar in a large kettle, and stir it 
until the moisture and air have been expelled, then adding the sand hot 
and stirring the mixture until the desired rc^sult is obtained. The sand 
must of course be first screened, and have all coml)Ustible matter burned 
out of it before mixing with the tar. 

The bottom of the leaching tanks are provided with hard-burned red 
brick laid flat side by side, and covered with old hay or small pieces of 
refuse coke. This makes a quite durable filter. 

The roasted mixture, charged into the tanks, is first leacdied with weak 
liquor from a previous operation, and then wit/li water and dilute Iiydro- 
chloric acid from the condensing towers connected with the furnaces. 
After leaching is completed the residue (purple ore or blue billy) is 
shoveled directly into gondola cars for shipment to the iron smelters. 

All the copper liquors are run into settling and storage tanks; the 
weak liquor being pumped or blown bac<k with steam inje(;tors, to the 
leaching tanks when required. Any hhpiors of 18^ B, and upward are 
left in the settling tanks until all the lead sul|)hate, etc;., has scdtkul out. 
The lead sulphate usually contains some gold; irnUuMl an av(u-age of 
$100 per month is not an unusual r(u;overy in a plant of the c.apacdty 
described, and it is therefore essential for the rec,ov(uy of this as w(dl as 
for other reasons that everything tliat will settle out of tlu^ litiuor, be 
given time to settle in three tanks. A j)art of tluvsc tanks may also bo 
used for precipitating the silver with the iodides, in (llaudd/s ])ro(*,ess, l)ut 
since in practice this process leaves an averages of 5 oz, silver in a ton of 
precipitated copper, and since electrolytic coppen* works, as wnJl as blue 
vitriol works, handling or using silver- ami gold-lxMiring (*o])per, will 
pay for at least 95 per cent, of the silver content and full market value 
of the copper and gold contents of the cement (topper, this part of the 
copper extraction does not pay, especially since the cost j)er annum of 
precipitating the silver by the iodide method in a plant of this size is not 
less than $12,000. 

After the lead sulphate, etc. has settled out of the strong liquoz's, 
they are run into the copper tanks and the copper, silver, and gold con- 
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touts are precipitated by means of clean thin scrap iron from the rolling 
mills. These tanks should have vooden slats so placed as to form an 
ojicn false ])ottom about two feet above the real bottom, for the support 
of the scrap iron. Live steam is let into the liquor during the process 
of i)recipitation. The steam serves to accelerate the process, and also 
k(*eps the limior in motion, and washes off the copper from the iron as 
fast as it is precipitated. The copper naturally finds its way between 
the slats to the bottom of the tank, and when it is desirable to remove 
it, the remaining scrap iron can readily be removed from the false bottom 
])ractically fi-ee from cojjper. The cement copper, on the bottom of the 
tank, after washing through perforated cast-iron plates set in a frame 
over the tanks, assays about 90 per cent. Cu; 35 oz. Ag. and 0.15 oz. Au 
per ton. The precipitated chloride solutions are then run into the 
sewer, by first i)assing it tlirough a series of tanks in the ground, 
which are filled with scrap iron, to recover any copper and silver 
which may have been left in fhc waste chloride solutions and the wash 
waters. 

The cost of treating Spanish pyrites cinders, as above described, 
at Natrona, Pa., in a works having a daily capacity of say 200 tons of 
mixture (cinder and salt) will be about as follows: 


2 Bamplers, 

at $2.50 

$5.00 

0 mill 

at 1.75 

10.50 

1 mechanic, 

at 2.00 

2.00 

2 engine(TB, 

at 2.00 

4.00 

Z firemen, 

at 1.75 

5.25 

4 weightmc‘ri and fiirna(‘e eliargers, 

at 1.75 

7.00 

28 furnace men, 

at 1.75 

49.00 

1 heintman, 

at 2.00 

2.00 

27 furnace material handlers, eoal, and 

cinder 


wheelers, 

at 1.50 

40.50 

2 leaelu‘rH, 

at 1.7.') 

3.50 

4 copper preeipitators, 

at 

6.00 

Unloading cinders and salt, 


20.00 

Loading purple ore for shipment, 


15.00 

21 tons of salt, 

at 3.00 

63.00 

Pyrit.es fines, 


7.00 

20 tons of eoal, 

at 1.00 

20.00 

5 1/2 tons of sheet-iron scrap, 

at 9.00 

38.50 

Hepairs, d(‘preeiafion, management, etc. 


40.00 



$338.25 


Or $1.87 per ton of 2000 lb. pyritic cinders, or $1.69 per ton of 
2000 lb. of mixture. 

Cost of Producing Copper by the Longmaid-Henderson Process in a 
Modem Plant, Using Mechanical Roasters. — The cost, per pound of 
copper extracted, in a modern Longmaid-Henderson process plant 
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located in the Eastern United States, using mechanical furnaces, and 
treating from 300 to 400 tons of pyritic cinders per day having a copper 
content of 2.27 per cent., and a sulphur content of 2.28 per cent., is as 
follows: 

Cost, Per Pound of Copper Extracted in Modern Longmaid-PIenderson 

Plant 


Items of expense, 

Process labor, 

Misc. supplies. 

Coal, 

Fuel oil. 

Salt, 

Scrap iron. 

Repairs, all labor and material, 


Per pound of copper 
SO. 0136 
0.0010 
0.0027 
0.00G7 
0.0166 
0.0018 
0.0095 


Total, 


SO. 0519 


The tailings are worked up by agglomeration into an iron ore of the 
following composition: 


Metallic iron. 

Sulphur, 

Copper, 

Silica 

Phosphorous, 
Oxygen, etc.. 


68 . 00 per cent. 
0.07 per cent. 
0.15 per cent. 
3 . 00 per cent. 
0.012 per cent. 
28.77 per cent. 


In the Western United States, under somewhat similar conditions, 
in treating material having a copper content of 2.27 per cent., the esti- 
mated cost per ton of 2000 lb. is as follows: 


Items of expense, 

Process labor, 

Misc. material, 

Coal, 

Lubricating oil, 

Fuel oil. 

Salt, 

Scrap iron. 

Repairs, labor and material, 


Cost p(T ton of ore 
$0.71 
0.07 
0.21 
0.01 
0.37 
0.99 
0.15 
0.45 


Total, $2 . 96 

Elimination of Arsenic, Antimony and Bismuth.*— In the Longmaid- 
Henderson process the chloridization of the copper preparatory to its 
solution, is accompanied by the three elements, arsenic, antimony, and 
bismuth. These chlorides being volatile at low temperatures are carried 
off to a greater or less extent, and arc largely dissolved in the wash water 
and collected with the condensed acids, in the tower liquors. The aresnic 

* Trans. A. 1. M. E., Vol. XXXIII, p. 667. Allen Gibb. 
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in a notable quantity and the antimony in a less amount mainly in com- 
bination as arsenates and antimonates, with some bismuth remain in the 
roasted ore. In washing with water, these salts, as well as the bismuth 
that remains in the I’oasted ore, are dissolved only in minute traces, so that 
if the (‘opper is precipitated from these solutions it would be practically 
free from impurities. The copper, insoluble in water, that is in the 
roasted ore, is removed ])y the use of tower liquors, and under the action 
of this solvent a consid(a*a])le ]>roportion of the arsenic, antimony, and 
bismuth that remain in the calcined ore is dissolved. This increases the 
proportion of these elements that is already present in the tower liquors. 

In the tower licpiors, obtained by washing the gases from the fur- 
naces, there was found: arsenic, 0.0222 gm. antimony, 0.0005 gm.; and 
bismuth, 0.0046 gm. per liter. 

The proportion of impurities in the copper from the same ore vary 
greatly according to whether the practice of treating the aqueous and 
acid solutions separately is followed or not. 

The following data is takem from practice in which the two solutions 
were not kept s(q>arate: 



Ko:i 

ons 

Prccipituto 


1 

IVr (M'tit. 
aettmi 

IVt (vnt. 

n'lutivo 

Oil 100 IKT 

IVr 

actual 

Per coat, 
relative 

Cu = 100 per 
ccnit. 

Total per cent, 
of elimination 

OoiJpor . 

' 4 . i\r> 

100.0 


100.0 


ArMcinic 

' O.UJ 

0.41 

0.1)74 

1.30 

61.3 

Antirmjtjy. . . . 

i 0.020 


0.(K)S 

0.011 

98.0 

BiHiriiixth 

O.OIH 

o.:i.ss 

o.ono 

0.072 

81.4 


Extraction of Copper from Atacamite.* — -At Chiquicamata, Chile, a 
multitude of small fissures, filled with atatuimite, or oxychloride of copper, 
travtu’se the (‘.ount-ry rock, (‘onsisting of granites, pegmatites, syenites, in 
every dircHdion. This kind of deposit, which appears to be in the nature 
of a stock work, a Ic^aching i)roccss is usually adopted in order to extract 
the metal from the oxychloride. 

In treating Atacuimitci orc^s the difficulty has been in the filtration of 
the liquid containing the dissolved copper. The chemical reactions 
which take place l)ctwecn the perchloride and oxide of ii'on on the one 
part and the ferric solution and argilaceo\is portion of the gangue on the 
other, result in the formation of a gelatinous precipitate, which has to be 
washed many times in order to get out the dissolved metal. 

"^London Mining Journal, June 30, 1905, Nicanor Argandona. 
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The first part in the treatment of the ore by a new jn’occss consists in 
converting, by the action of steam, a portion of the chloride of copper in 
the ore into hydrochloric acid and Idack oxide of copper, according to 
the equation: 

CuCU + H.O = CuO + 2IIC1. 

A certain portion of the ore is put into large clay retorts, or into 
iron retorts lined with a thin coating of clay, and exposed at a temper- 
ature of 230° C., to the action of steam. Theoretically, there is sufficient 
water of combination in the ore itself to supply the quantity of vapor 
needed. The expenditure of steam is very small, but a certain quantity 
is necessary in order to accelerate the reaction. The black oxide result- 
ing from this process is reduced by smelting. 

The second part of the process consists in submitting the ore, which 
contains from 3 to 4 per cent, copper, to the action of hydrochloric acid 
obtained as above described. For this purpose cyHndric.al wooden or 
brick vats are used, having special lining of pitch. Ordinary filters can 
be employed in this oi^eration, as no gelatinous precipitate is produced. 



CHAPTER XI 


COPPER PRECIPITANTS 

Iron. — Iron is almost universally used in the chemical precipitation of 
copper from its solutions. It presents many advantages over other pre- 
cipitants; it is usually quite cheap, generally obtainable, and gives the 
resultant copper in the metallic condition. Scrap iron is ordinarily em- 
ployed, but scrap iron, while cheap enough in industrial centers becomes 
prohibitive in mining districts which arc located long distances from 
railroads and from the source of iron supply. 

For the precipitation of copper by iron, the solution should be as free 
as possible from acid or ferric salts. The acid and ferric salts act on the 
iron and waste it without precipitating any copper. Theoretically 88.8 
lb. of iron are required by weight to precipitate 100 lb. of copper from 
sulphate solutions. In practice, the consumption greatly exceeds the 
theoretical amount, because the solution cannot be kept free from acid 
or ferric salts and bcicause sc^rap iron which is contaminated more or 
less with impurities, not available for precipitation is ordinarily used. 
With care, the consumption of iron in precipitating copper from sulphate 
solutions, in practice, will average about 1.5 lb. of iron per pound of 
copper precipitated; under the adverse conditions of free acid, ferric 
salts, and impure scrap iron, the consumption of iron may rise to 2 or 
even 3 parts of iron to 1 ])art of copper. 

Ferrous sulphate by prolonged contact with air is decomposed into 
free sulpliuric acid and ferric sulphate; the former dissolves iron, and the 
latter coml)ines with it to again form ferrous sulphate. The following 
equations explain the principal chemical changes that take place, in 
precipitating with iron from a sulphate solution. 

(1) CiuSO, +Fc = Cu +FeSO,. 

This represents the theoretical reaction, without any interfering 
elements, and if it could be theoretically carried out, only 88.8 parts 
of iron would be required to precipitate 100 parts of copper. As both 
ferric sulphate and free sulphuric acid arc likely to be in the solutions, 
the following reactions also take place: 

(2) Fc2(SO,)3+Fc-3FcSO,. 

(3) H^SO , +Fc - FeSO;+ 2H. 

The excess of iron consumed may be said in general to be due to the 
quantity of ferric iron and free acid in the copper solution. The tendency 
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of the iron is to reduce the ferric to the ferrous salts, when the theoret- 
ical amount will be more nearly approached. 

Some of the ferric sulphate may not be directly reduced by the iron, 
but may act on the precipitated copper, as shown by the following 
equation: 

Ee, (SO ,) 3 + Cu = CuSO^ + 2FeSO „ 

but as the copper so dissolved has to be precipitated at the expense of 
the iron, the ultimate amount of iron consumed in reducing the ferric 
salts is the same. 

An accurate determination of the iron consumed per ton of copper 
produced can be arrived at by testing the ingoing and outgoing solutions 
to the precipitators, to determine the amount of the copper precipitated, 
of the ferric iron reduced, and of free sulphuric acid neutralized, and 
calculating the quantity of metallic iron required to bring about these 
changes. S. R. Adcock ^ gives the following partial analysis and calcu- 
lations, of samples of liquor entering and leaving one of the cementation 
tanks at Rio Tinto. 

ANALYSIS OF LIQUOR ENTERING AND LEAVING TANKS, IN GRAMS 

PER CUBIC METER 



Entering 

Leaving 

Copper 

2.064 

3 

Ferric iron 

1.328 

Nil 

Sulphuric acid 

1.198 

712 


Calculations in Grams per Cubic Meter of Liquor 

Cu precipitated, 2.064 — 3 ^2.061 X 8/9 1.832 grm. of iron required. 

Ferric iron reduced, 1,328X1/2® 644 grm. of iron rc(iuired. 

Sulphuric acid neutralized, 1.189 — 712 «« 486X4/7 ** 278 grm. of iron re(iuirod. 

Total iron, 2.774 grm. 

2.061 grm. of copper precipitated would require 2.774 grm. of iron 
or one part of copper precipitated from the liquor would require 1.345 
parts of iron. Taking the metallic contents of the pig iron used at 92 
per cent, the consumption in this instance works out at 1 part of copper to 
1.462 parts of pig iron. In addition, there is a small consumption of 
iron, due to impurities in the solution and waste in cleaning up the 
copper.^' 

It is desirable, for the best work in precipitation, to have the copper 
solution slightly acid. A slight acidity tends to hasten the precipitation, 
and prevents the separation of basic iron salts. In general, the acid con- 

^ Min. Ind., Vol. IX, p, 238. 
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tent of the copper solution for precipitation in a running stream, or if 
agitated, should not be more than 0.1 to 0.2 per cent. If the acid much 
exceeds this amount the consumption of iron is likely to be correspond- 
ingly high. 

Every precaution should be taken to reduce the ferric iron to the 
ferrous condition before precipitating the copper, for in most instances 
the excessive consumption of iron during precipitation, can be traced to 
the high ferric iron content of the liquor under treatment. 

If there is arsenic in the ore it is likely to go into solution with the 
copper, and is to a certain extent precipitated with it. When the liquor 
is rich in copper and the precipitation is taking place rapidly, the amount 
of arsenic precipitated is comparatively small, but as the liquor gets 
weaker in copper, the proportion of arsenic to copper precipitated is 
much higher. 

If the copper is dissolved as a chloride, either by hydrochloric acid or 
metal chloride, the precipitation may take place cither from the cupric 
or cuprous chloride, as shown by the following reactions: 

CuCL, +Fc=reCl 2 + Cu. 

CiuCL>+Fe=FcCl 2 + 2Cu. 

It is evident, therefore, from these equations, that twice as much copper 
is precipitated, theoretically, per unit of iron from cuprous chloride as 
from cupric cliloride. The })re(‘ii)itati<)n from the cupric chloride is 
theoretically the same as that of cupric sulphate — 88.8 parts of iron are 
required to precu|)itate IQO parts of copper — ^whcrcas only 44.4 parts 
of iron are rcuiiiired to precipitate 100 parts of copper from cuprous 
chloride. 

In practice, at Stadtl:)erg, 127 parts by weight of iron were required 
to precii)itate 100 parts of copper from a chloride solution in which 
hydrochloric acid was used as the solvent. In the Hunt and Douglas 
process, in which the copper is j,>recipitated from cuprous chloride, only 
from 50 to 70 parts of iron arc required to precipitate 100 parts of copper. 

If there is free hydrocdiloric acid or ferric cdiloride in the solution, iron 
will combine with them to form ferrous chloride, and will consequently 
be wasted, as in the analogous procuidurc in the sulphate solution; this 
may be shown by the following equations: 

2HCl+Fe=FeCl, + 2H. 

2FcCl3+Fe=3FeC4 

The neutralization of the free acid, and the I'cduction of the ferric 
to the ferrous chloride, is quiet as necessary as with sulphate solutions to 
effect the best economy in the precipitation. 

The iron for precipitation, whether from a sulphate or chloride solu- 
tion may be used in the form of wrought, pig iron, iron bars, or iron spong. 
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Pulverent iron in the form of ground sponge acts most rapidly. Bar 
iron yields a coarse grained cement copper, with but little coJierence; 
gray pig iron, which acts faster than white iron, gives a more pulverent 
precipitate, while white iron throws down coherent mass(^s. The 
graphite in the pig iron separates out diu'ing the precipitation and renders 
the cement copper impure. 

Sponge Iron. — ^It is evident that if iron is used as the |)re(n‘pitant of 
copper, it would be quite an advantage if the iron, could in some way 1)0 
cheaply manufactured at the coi)per reduction Avoi-ks. Tlui j)ur(*hase of 
scrap or pig iron, and its transportation to tlie rculiictaon works at the 
mines, is usually a prohibitive expense. An ordinary iron smelting 
plant could not be considered. 

The manufacture of sponge iron, in whi(‘h a Iiigh-grade ore is rcKluced 
to metal without the necessity of smetting or fluxing, lias in a measure 
solved the problem, but notwithstanding that tlie manufa(t,ure of sponge 
iron and its application to copper pr(KU])if,ation has long been known, its 
use has not met with much encouragement. 

The principle of the manufacture of sponge ii-on is (piite simple. If 
ferric oxide, Fe^Og, is heated in a highly rtaliuang atmosphere, the 
oxygen of the iron oxide cornliiues with the naliKung gas(\s, and the 
resultant product is finely divided metallic iron, (amtaJning more or less 
impurities. Great care must be used in cooling tlui iron, to piovcmt 
reoxidation, so that the cooling, as well as the heating must b(i dom^ in 
the presence of reducing gases. 

The following description by Lunge^ giv(*s th(^ (l(*tails of c^arly Ihirojxaui 
practice and its application to copper pnaujiitation. 

^'The precipitation of copper from its Holutions by nuMins of iron takes phi(*c 
more rapidly by employing spongy iron, as was doiu^ at th(^ B(h 1(', M<‘tal Works. 
This product is made by reducing fcn-rict oxi<l<'- at so low a. i.emixn-atvirc'! that the 
iron cai\not combine with the (‘.arbon and cannot nu'lt, l)ut nmiains in the finely 
divided state as 'sponge.' This method was tried in Fnghind for tlui first time 
in 1837. Gossage, in 18i>9, was the first to use it in the wet method of C()j)p(‘r 
extraction. 

"The furnace usually employed in making siionge iron, is a revc'rlxu’atory in 
which the flame, after having passed dinad.ly c)V(U' tlie e.harge, rtdairns below the 
furnace bed, and thus heats the charge indireetly from below, h’igs. 51 and 52 
show the essential details of the furnaee. It is, in the drawing, 2S ft. 9 in. long; 
the working bed has a length of 22 ft. and a width of 8 ft. Dwarf walls, a a, 9 in. 
high, divide it into tlirec compartments, whiidi on one side have two working 
doors, h hj each. Each compartment is charged and finished liy itstdf. The 
working doors are of cast metal and run in air«-iright frames; the same is the e.aso 
with the fire doors. The fireplace is constructed for generating a redmang flame; 
the grate has a surface 4X3 ft. ; and the bearers d, arc 3 ft., latterly even 4 ft. 8 in. 

^ "Sulphuric Acid and Alkali Manufacture," p. 815. 
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below the fire bridge; so that a very deep layer of fuel is obtained, whicli do(‘s 
not allow any oxygen to get inside the furnace. The furnace bed is formed by 
fire tiles 4 in. thick, with rabbited edges, partly resting upon the walls forming 
the divisions of the lower flues, partly upon railway-bars. 

^'The flame having traveled through these flues, des(;ends in a vertical shaft 
along the fire bridge, and thence goes to the chimney. In this descending sliaft 
there is a fireclay damper, which is closed every time before a working door or 
fire door is opened. The 9-in. furnace roof is surmounted by a Hat cast-iron 
dish, supported by short pillars, for drying the ore and mixing it with coal; 
the mixture is charged into the furnace through the O-in. i)ipcs,/, carried through 



the arch. The wliole furnace rests on ])ri(4v pilla.rs, r/, a,nd the floor on th<^ working 
sides must be so much higher than that on the discha.rg(^ sid(‘, that Uie discHuirging 
boxes can be run underneath the furnac(» bcdavcHm thci bri<Hv pilla-rs. '.the dis- 
charging takes place through fJ-in. pipes, //., dcsccmding iti front of the working 
doors through the furnace bottom and tlie low<u‘ flu(‘s. 

“The discharge boxes are mad(i of sIkmH, iron, of rtaH-angular section, i.a,[)ering 
toward the top. The cover is fast, and lias in its (umter a (bin. ojiening with 
upright flange, by which the box is <*onn(Md.e<l with the dis(*harge i.u])e. Tlie 
bottom of the box is movable, and turns on one sid(‘. on hing(\s, while the other 
side is fastened by bolts and cotters. The whole is mountcMl on four wheels in 
such a way that they do not interfere with the inovcmKmts of the bottom. I0a(di 
box has a capacity of 12 cu. ft. 

“ When the furnace is at a bright red heat, it can Ix^ charged, hlach c,om|)art- 
ment receives a charge of 2000 lb. of 'purple ore^ and GOO lb. of coal, which have 
passed through a sieve with eight holes to the lineal incfi. 

“The charging takes place from the east-iron dish above the furnace roof. 
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The fire and working doors are closed, so that the air enters solely through the 
coals on the grate, care being taken that the burning mass does not become 
hollow, lest un(!oml)ined oxygen should get inside the furnace. The time of 
reduction in the compartment nearest the fire bridge varies from 9 to 12 hours; 
in the second it is al)out 18 liours, and in the third about 24 hours. The depth 
of the charge lying on the bed is about G in. During the time of reduction each 
compartment must be turned over twi(‘e, or even three times. Although during 
this time the damper is closed, a little air always enters the furnace; but the turn- 
ing over is indispensable, as tlie mass would otherwise cake together. The time 
above stated refers to a briglit red heat; a low heat is sufficient for reduction and 
the iron tims made is even better for the preci]>itation of copper; but as in this 
case much more time is re(}uired for reduction (up to 60 hours) this style of 
working does not pay. The fire place being so deep, fresh coal need only be 
thrown on twice or three times every 12 hours, say 1500 lb. per ton of ore. 

'"The completion of the reduction is ascertained by testing. A small sample 
is taken out, })ut on an iron plate, covered with a brick until it has become cold, 
and 1 grm. of the (unoxidizcHl) central i)art tested by a cupric sulphate solution 
of known strength, whic'h is run from a burette on the spongy iron with frequent 
stirring; from time to lime a drop is put on a bright blade of iron, to see whether 
any stain of copper is produced upon it. When the reaction in any of the three 
com]>artments is finished, the da.mi)er is closed; two of the discharging boxes are 
run undern(‘ath tlu^ furnac'e, and their openings connected with the discharge 
pil)es by an iron hoop hded with clay; then the charge is raked down into the 
boxes as <|uickly as ]K)ssibhx The boxes are then closed with the loose cover, 
run out again, and allowed to cool for 48 liours. They are then lifted by a crane, 
and the <*olters ar<^ kno(‘k(‘d; wluu'tmpon the bottom turns on its hinges and the 
whole mass of spongy iron n^adiiy falls out, owing to the box tapering upward. 
The sponge is them findy ground in a lic^avy diillean mill 6 ft. jn diameter, and 
passes! tlirougli a sieves with fifty holes per lineal indi. It is now ready for the 
precipitation of the copper. 

The following is an analysis of sponge iron produced from purple ore, from 


Spanish pyrites. 

Purple Ore Siionge Iron 

Ferritt oxide, 95. 10 per cent. 8.15 per cent. 

Ferrous oxide, 2.40 per cent. 

Metallic iron, 70.40 per cent. 

(lojiper, 0. IS per cent. 0.24 per cent. 

Lead oxide, 0.9G per cemt 

Lead, 0.27 per cent. 

Sulphur, 0.07 }>er cent. 0.07 per cent. 

Calcium oxide, 0.20 per cent 

Sodium oxide, 0. 13 per cent 

Sulphur trioxidc, 0.78 per cent. 

Alumina, 0.19 per cent. 

2i\nc 0.30 per cent. 

Silicious residue, 2.13 per cent. 9.00 per cent. 

99.55 per cent. 99.62 per cent. 



COPPER PRECIPITAISITS 


277 


1 


^'When spongy iron is employed for the precii)itation of copper, (!ontiinious 
stirring is required, for which at some works a iiiccluinieal agitator is used, at 
others, manual labor.” 

Any good iron ore may be converted into iron sponge, or the con- 
centrate residues, after roasting and copper extraction. 

Crucible Method of Iron Ore Reduction. — -Another luethod of reducing 
iron ore in connection with copper precipitation — tluit in which the 
mixture of ore and coal is reduced in a crucible — might be considered. 
This method of manufacturing iron lias been in use in China from remote 
antiquity, and large quantities arc in this way reduced tliere. 

At Shansi, China, the crucibles arc about 19 in. high and 0.5 in. in 
diameter. They are filled with a mixture of ore whi(di lias licen broken 
and sorted to walnut size; coal of about the same size, and coal dirt. 
The proportions are four baskets of ore, one basket of (uial, and one 
basket of coal dirt on top. The crucibles are luuitcd in a stall furnace. 
It takes about 16 hours to reduce the iron. After cooling the crucibles 
are removed and broken and the iron taken out. 

Precipitation with a Coke-iron Couple.— AV. 'L. Austird gives the result 
of a 30-day comparative test on a working scahg using ordinary .mine 
waters, between iron and the coke-iron (a)U|)le as tlie prea'ipitant. The 
average daily assays showed the following (n\i,ra(*(.ion {‘ffei^tiHl within 
8 ft. from where the waters entered the jirecipii.ation box(\s: 

Percentage of copper removed in Uu* boxes eonhiining c.lcian wronglit 
iron 25 

Percentage of copper removed in the box(*.s containing <!ok(>iron 
couple 43 

It was found that when coke was added to iron In tln^ precipitating 
boxes through which the siiliihat-ci mine watiu's w(vr(^ flowing, by a,ctual 
weight from 1.15 to 2.66 lb. cojiper was jireidpitatcal to tlu^, pound of iron 
consumed. One of the advantages in employing the (‘.okeviron couple 
in cementation is that the iirecipitation of tln^ v.oppov taJees pla(‘e within 
a short distance from the point where the liquors etiicr tlu^ ))ox(‘s, tlu-nd.iy 
avoiding to a great extent the formation of basics iron salt<s whi(*,h usually 
debase the cement copper. 

Precipitation with a Copper-iron Couple. — If iron platens or a bundle 
of scrap iron in a crate arc immersed in a (u)ppcr sulphate solution and 
connected electrically with a copper plate to Herv(^ as a cathode, no co}>per 
is precipitated on the iron, but all is precipitatc^l on tlu^ copper plate. 
The iron acts as a soluble anode, going into solution as ferrous sulj)hate, 
while the copper is deposited in a dense, practicuilly })ur(^ condition on the 
copper sheet. In this case the iron and co|>]>er a<di as a bat/f.ery, with a 
theoretical difference of potential of 0.81 volt. If more rapid precipita- 

^ ''Mines and Methods, '' January, 1911. 
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tion is desired than given by this action alone, a current from a dynamo 
may also be used in connection with that produced by the iron and copper. 

Hydrogen Sulphide. — If hydrogen sulphide is applied to a copper 
sulphate solution, the copper is precipitated as cupric sulphide, and an 
amount of acid regenerated equal to that combined with the copper 
CiuSO, + H.S = CuS + ILSO,. 

If the solution is a chloride, a similar reaction takes place: 

CuCl, + H.S = CuS + 2HCL 

In either case, the regenerated acid solution is returned to the ore to 
dissolve more cop])er. The precipitated copper sulphide, like copper 
matte, may be brouglit to blister copper in converters. The escaping 
sulphur dioxide may be used in other stages of the process, either in the 
manufacture of siil]>huric acid, or in the preparation of hydrogen sulphide. 

Maii}^ wet methods of extracting copper from its ores have been based 
on the use of hydrogcui sulphide as the precipitant. Most of these methods 
have as their fundamental idea, the inexpensive generation of the hydro- 
gen sulphide, rather than a direct method of copper extraction. 

At the Bede Mcd-al Works the hydrogen sulphide was produced by 
treating sul|)hitle of sodimn with carbon dioxide, generated by burning 
coke in a shaft furnace. Ylui sul])hide of sodium was made from the acid 
mother liquor from which the sulphide of cop])er had been precipitated, 
by evaporating to dryness in a reverberatory furnace, mixing the residue 
with coal dust and r(‘du(ung it in a similar furnace. This product, con- 
sisting of sulphidcj and carbonates of soda, was hutched, and the solution 
treated with carbon dioxide. The carbonate of soda was produced as a 
by-produc.t of the process. 

Hydrogen sulphide, according to Scdinal)el,* is best generated by lead- 
ing sulphur dioxide and water vapor over red hot coke or charcoal. For 
this pur]>ose ilu) gas(‘s prodinaal in roasting sulphides in pyrite burners 
or kilns im\ aspiratenl by nnuiiis of Korting injc'ctors, and forced together 
witli the st(‘am from the iiqcu'tors through a shaft furnace filled with glow- 
ing charcoal or cujke. The sulphur dioxide is reduced to sulphur by the 
carbon; the water vapor foiums with the red hot carbon, hydrogen 
and carbon monoxide^, and tlm hydrogcui and sulphur combine to form 
hydrogen sul|>lude. The coke or cluircoal is kept hot by injecting a 
stream of air from time to time us in the production of water gas. 

A method deviscHi by Binding depends upon the action of sulphur 
vapor on hydrocarbons and hydrogen; another on the decomposition of 
sodium sulphide by carbon dioxide. Binding generates producer gas with 
raw fuel, and leads it over red hot pyrites; by the action of the hydro- 
carbons and the hydrogen contained in producer gas upon the sulphur 
evolved from the pyrites, hydrogen sulphide is formed, and is made to 

^ Handbook of Metallurgy, Vol. I, p. 209. 
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traverse a chamber in which the cupriferous solution is dropping down in 
the form of rain. 

Gill and Gelstharp produced hydrogen sulphide by the action of 
carbon dioxide on sodium sulphide. 

In the application of hydrogen sulphide to the precipitation of copper 
solutions, the precipitation is thorough and complete. If the solution 
contains gold and silver, the filtrate will never assay more than a trace; 
that is to say, less than 0.0005 oz. or 1 cent per ton. The conditions for 
thorough precipitation in a normally working plant, are that the solution 
should be slightly acid, or if neutral, contain an excess of free chlorine or 
ferric salts. If the solution is alkaline or neutral, the precipitation of the 
copper, gold and silver will be complete, but some of the undesirable 
elements will be thrown down with them. The precipitate is voluminous 
and may be difficult to filter. If the solution is ncnitral and contains a 
large excess of chlorine or ferric salts, the hydrogcni suli.)hide reacting 
with these substances, will reduce them, and acidify the solution suffi- 
ciently to prevent the baser metals from b(ving precipitated. 

Cl + lGS = 2n0l+8, 

2 FeCl 3 -f 1L,S = 2 1 ICl -h 2FeCl, + S, 

Fe, (SO ,) , + H,S = 2FeS() ^ + 1 r.SO , + S, 
and thus hydrogen sulphide will be consumed, an (upiivalent of acid 
regenerated, and elemental sulphur preci])itat(Hl wiiJi the (‘.o])p(^r sulphide. 

The metals of the alkalies and alkaline earths ai-(^ not ])r(uu]>itat(xl from 
either the acid or alkaline solutions. Frequently compounds of (‘-ahdum 
and aluminum will be found in the precipitate, ('alc.ium sulphates is 
only slightly soluble in water, l)ut is somewhat solu})le in (chloride solu- 
tions, and unless the solution is thoroughly setthal or filt(U’(‘d, it is also 
likely to be carried into the precipitate by Huspension. If the ore con- 
tains much alumina and the solution issuing from the haudiing tanks is 
neutral or alkaline, a white gelatinous sul)si<anc-c, probably aluminum 
hydroxide, settles out of the clear or itiilky solution, and may in this way 
get into the precipitate. On the addition of acid this pnaupitate is 
redissolved and the solution becomes clear. 

Metals which are precipitated by hydrogen sulphide, as sulphide, from 
a solution of their salts in tlie presence of free atvid, are: 


Platinum, 

color of precipitate, 

dark brown. 

Gold, 

color of precipitate, 

dark brown. 

Silver, 

color of precipitate, 

black. 

Copper, 

color of prccipitat<^, 

black. 

Lead, 

color of precipitate, 

black. 

Tin, 

color of precipitate, 

y(‘now“l>rown. 

Antimony, 

color of precipitate, 

orange. 

Arsenic, 

color of precipitate, 

yellow. 

Mercury, 

color of precipitate, 

black. 

Cadmium, 

color of precipitate, 

yellow. 




Fig. 53. — Hydrogen sulphide generator. 
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The hydrogen sulphide employed in precipitation is usually generated 
from iron sulphide (FeS) , sulphuric acid, and water. A solution having 
a large excess of acid will require more hydrogen sulphide to precipitate 
the metals than one only slightly acid. A strongly acid solution will 
give a cleaner precipitate than a neutral solution, and give less trouble 
in the filter presses. 

The hydrogen sulphide generator, for producing the gas on a large 
scale, from acid and matte, is shown in Fig. 53 and may be made of any 
size desired. It consists of an iron cylinder with fiat cast-iron bottoms 
and tops. If the cylinder is small, it is made of cast iron; if large, of 
sheet steel. It is lined with lead, and all connections are made of lead 
pipe with burned joints. An equalizing tank, also made of lead, is 
located close to the generator. 

The materials for generating the hydrogen sulphide arc chargCHl in 
the following proportions: 

Iron sulphide (iron matte), 1 lb. 

Sulphuric acid, 2.5 11). 

Water (approximately), 6 lb. 

The total quantity of chemicals charged, will depend on the size of the 
generator, and the amount of metal to be pre(;ipitated. 

In charging the generator, the exhaust valve from tlie equalizing tank 
is left open. The required amount of water is tlien introduced. This 
may be measured in a small tank over the generator, or it may be run in 
through the water pipe, or hose inserted into the manhole, to a certain 
depth which has been determined before hand as the right quantity of 
water for any required charge. The iron Hulphide, broken into pic^^es 
about the size of hens' eggs, is dropped in through the manhole, which is 
then closed. The required amount of acid, whicii had previoiisly been 
measured into tlie small lead tank located over the generator, is then run 
in and the valve again immediately (dosed. The gemeration of hydrogen 
sulphide begins at once. Tlie (exhaust valve on the equalizing tank, which 
was left open so that the pressure generated hy the gas would not prevent 
the acid from flowing into the genc^rator, is then closed. The increasing 
pressure will soon force the gas into the copper precipitating tanks. 

Iron sulphide reacts with sulphuric acid to form hydrogen sulphide: 

FeS + H2SO4 -FeSO^ + II^S. 

The gas so obtained always contains free hydrogen, owing to the 
presence of uncombined iron in the iron sulphide. 

Compressed air is used to force the gas from the generator into the 
precipitating tanks and agitate the solutions. 

After the precipitated solution has settled long enough to clarify, 
usually from 4 to 8 hours, it is decanted through the collar in the bottom 
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of the settling tank, into a filter press, and the clear regenerated solution 
may then be returned to the ore to dissolve more copper. 

Lime. — Lime, calcium hydrate or milk of lime, is not suitable for ' 
precipitation from sulphate solutions. It has been used in precipitating 
copper from cupric and cuprous chloride solutions, calcium chloride being 
produced. 

Milk of lime precipitates cupric hydrate from cupric chloride, and 
cuprous oxide from cuprous chloride. It throws down copper as cupric 
hydrate from a solution of the sulphate, but the precipitate is mixed 
with the insoluble calcium sulphate, which is formed at the same time, 
and gives a mixture which is very voluminous and very troublesome to 
smelt. The precipitation of the copper with lime from cuprous chloride 
was for a long time used in connection with the Hunt and Douglas 
process, in which the resulting calcium chloride was used in another 
step in the process, but lime has nowhere been regularly used to pre- 
cipitate copper from sulphate solutions. 



CHAPTER XII 


ELECTROLYTIC PROCESSES 

General Consideration op Electrolytic Methods. 

. Definitions. — Electrolysis may be defined as the decomposition of a 
chemical compound by the electric current. The compound may be in 
aqueous or igneous solution. 

Electrolyte is a chemical compound in aqueous or igneous solution 
being decomposed by the electric current. 

Electrode is a conductor to convey the current of electricity into or out 
of the electrolyte. 

Anode is the electrode by means of whicdi the current ent(u\s tlic 
electrolyte. 

Cathode is the electrode by means of wlxich the current leav(‘s tlie 
electrolyte. 

Ions are the constituent elements or radicals wliu^h carry the current 
of electricity through the electrolyte. 

Anions are the elements or radicals whitdi a]>pear at the anode. 

Cathions arc the elements or radic^als whi(^h appear at the cathode. 

Electrolyzer is the ai)paratus by means of whic.h or in which the 
electrolysis takes place. 

Diaphra(j7n is a jxartition, pcnncal>le or impcu’meable, l)eiweon the 
anode and cathode, wJiich permits the passage of the clcudric current but 
prevents the mixing of the electrolytes in wliich the anodes and cathodes 
are immersed. 

Anolyte is the electrolyte in the anode compartment of the 
electrolyzer. 

Catholyte is the electrolyte in the cathode comjxartment of the 
electrolyzer. 

Current Density is the quantity of current, ic., the number of am- 
peres, flowing through a unit of electrode surface. 

Current Efficiency is determined by the yield per ampere. 

Energy Efficiency is determined by the decomposition per watt. 

Watt. — A watt is the product of one ampere multiplied by one volt. 

Horse-power is the equivalent of 746 watts, and is approximately 
equal to 3 /4 kilowatt. 

Kilowatt is 1000 watts, and is approximately equal to 1 1/3 h. p. 

Columb. — One ampere of electricity flowing for one second. 
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Electrol^'sis has been made the basis of a number of processes of ex- 
tracting copper from its ores. Ever since success was achieved in elec- 
trolytic refining of Idister copper, metallurgists have naturally asked why 
similar operations could not be successfully applied in the extraction of 
copper direct from its ores. At first thought the matter seems simple 
enough, but there are difficulties in the way of extracting copper from its 
ores which are not encountered in electrolytic refining. These difR- 
culties, however, do not appear to be insurmountable, and it is quite 
probable tliat electrolytic methods of extraction will be in general use 
in the near future. Many of the difficulties, first met with, have been 
surmounted, and the remaining ones are gradually being overcome. 

Anode. — One of the fundamental differences between electrolytic 
refining and electrolytic extraction, lies in the anode. In electrolytic 
refining the anode is a slab of blister copper, usually about an inch thick, 
and containing less than 1 per cent, of foreign matter. This copper 
anode goes into solution and is redeposited on the cathode. Theoretic- 
ally, no energy is required to perform this work, since the energy de- 
velo})ed in dissolving 1 he copper anode is equivalent to that consumed 
in it,s d(q)osition on the cathode. The soluble anode presents no serious 
difficulty. It has to n^placed at frequent intervals. Theoretically, 
no acid is consum(‘d and none gemerated in electrolytic refining, since the 
acid going into (‘ombination witli the copper at the anode is again re- 
haiscd as frex^ acid by its dej)osit.ion at the cathode. 

Wlien (;o])per is dissolved from the ore, conditions are entirely differ- 
ent. The j):n)l)lem them is, to de^posit the eoj>per out of solution by 
ekx'trolysis whil(‘ none is going into solution. This manifestly involves 
tlie use of an anode which will conduct the electricity into the copper 
solution, while at the* siune lime the anode its(4f remains unattacked, or 
insolulde. This ])r(‘S(mts the first serious difficulty in precipitating 
copper from leaediing solutions. 

It has bixm found a most difficult matter to provide a substance 
which will be a good conductor of el(‘ctricity and not be attacked by the 
coml)in(xi act ion of curnmt. and the solvent. Many substances which 
are sullicdtmily ix^rmanemt, hav(^ too high a rc'sistance, and consequently 
the })owcu’ rcc|uircHl to ovtTcome this resistance in the anode, makes the 
j)roceHs so expensive as tt) be* ])rohil>itive; while on the other hand, sub- 
stances -which hav(^ a good (d(x*trical coiuhudivity arc not sufficiently 
pc^rmanent. For chloride solutions this problem of suitable anodes has 
been satisfactorily solv(‘d ])y the us(^ of graphiti/iCd carbon, but for 
sulphate Bolutions no nmlly satisfactory anode has yet been discovered, 
although most concc^ivaldc sul)stanc(*s have been tried. Lead, on the 
whole, has given the best results for sulphate solutions. The purity of 
the lead is an important factor. 

Platinum is too costly for any process operated on a working basis. 
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All other commercial metals are attacked, and even platinum is not 
entirely unaffected. Ferro-silicon, which is a difficultly attackable 
substance, has been repeatedly suggested, but has not proved successful 
in practice. Antimonial lead has been tried for sulphate solutions, but 
there is no evidence to indicate that it is more permanent than pure lead; 
the antimony from the lead, going into solution in the electrolyte, may 
be objectionable and its loss by the decomposition of the anode, may be 
a serious item of expense. In almost all cases carbon is the only sub- 
stance which can be employed in chloride solutions, but for sulphate 
solutions it is absolutely worthless. 

The quality of carbons for electrolytic work varies considerably, but 
even the best are eventually destroyed. Graphitized carbons have given 
satisfactory results with chloride, but not with sulphate, solutions. 
These carbons, in addition to being durable, are good conductors of 
electricity. They possess a specific resistance of but 0.00032 ohm per 
cubic inch, which is only one-fourth that of amorphous carbon. The 
specific resistance is 0.000813 ohm per cubic centimeter, and since that 
of mercury is 0.000094 ohm, the conductivity is 11.75, mercury being 
100; or 0.21, copper being 100. In some cases graphitized carbons have 
been used for 3 years as anodes in the decomposition of alkali metal 
chloride solutions, with a current density of 50 to 250 amperes per square 
meter. It is essential, however, that the solution be acid; in alkaline or 
neutral solutions, they are not as durable. The following is a list of 
standard sizes and weights of Acheson-Graphite electrodes: 


Achesox-Graphite Electrodes 


Size 

Round: 

J in. diam. Xl2 in., 

4 in. diam. X 12 in., 

I in. diam. X 24 in., 
in* diam. X 24 in., 

J in. diam. X 24 in., 

I in. diam. X 24 in., 
f in. diam. X 24 in., 

I in. diam. X 24 in., 

1 in. diam. X 24 in., 
1| in. diam. X 24 in., 
IJ in. diam. X 24 in., 

in. diam. X 24 in., 

2 in. diam. X 24 in., 

3 in. diam. X 40 in., 

4 in. diam. X 40 in., 
in. diam. X lOJ in., 

6 in. diam. X 48 in., 
8 in. diam. X 48 in., 


Approximate weight 
per piece 
0.008 lb. 
0.035 1b. 
0.15 lb. 

0.21 lb. 

0.26 lb. 

0.40 lb. 

0.60 lb. 

0.82 lb. 

1.00 lb. 

1.40 lb. 
1.751b. 

2.60 lb. 

4.50 lb. 
16.60 lb. 

30.00 lb. 
23.50 lb. 

75.00 lb. 
132.00 lb. 
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Acheson-Graphite Electrodes. — Continued 


Size 

Square: 

2X2X30 in., 
4X4X40 in., 
6X6X40 in.. 
Rectangular: 


4X12X12 

in.. 

4X4 

X24 

in., 

4X6 

X24 

in., 

4X12X12 

in., 

fX 34 x 194 in 

fX5 

X18 

in.. 

iXl2Xl2 

in.. 

H X2 

X 214 in. 

1 X4 

X30 

in., 

1 X6 

X30 

in., 

liX3 

X36 

in., 

liX5 

X3a 

in.. 

2 X4 

X30 

in., 

2 X7 

X3() 

in., 

3 xr> 

X3() 

in., 

4 X8iXl5 

in., 


Approximate weight 
per piece 

7.50 lb. 
37.00 lb. 

84.50 lb. 

2.10 lb. 

2.94 lb. 

4.50 lb. 

4.05 lb. 

3.13 lb. 

4.21 lb. 

6.75 lb. 

2.20 lb. 

7.50 lb. 
11.30 lb. 

7.88 lb. 

11.50 lb. 

14.50 lb. 

25.75 lb. 
33.25 lb. 
31.45 lb. 


These electrodes cost approximately from $13.50 to $15.00 per 100 lb. 
in lots of 500 lb. for the sizes most (‘onvcnient for electrolytic use. In 
ton lots the cost would be approximately $11.50 per 100 lb. 

Cathodes. — The (uithodes used in electro deposition are usually 
thin sheetB of pure co])per. Carbon cathodes, in chloride solutions, do 
very well })ut are not advisabk^ for sulphate solutions. If copper cathode 
sheets arc used, they may be strippetl after the deposit has acquired the 
desired thickness, or new sheets may be supplied as the old ones are 
removed. Lead (cathode sluK^ts have been used, and the copper stripped 
from the lead, or, the lead may be melted from the copper after removal 
from the electrolyzers, and again rolled into sheet lead for new cathode 
sheets. 

In depositing copper from impure solutions, tliat is to say, solutions 
like those obtained in leaching copper on^s, it is not an easy matter to 
get a regulinc deposit of the desinKl thickness. Unless considerable care 
is taken with the electrolyte and the current density, irregular deposition 
and sprouting will occur long before the cathodes have acquired the 
thicknesB desired for their removal. This difficulty may be so aggravated 
as to make their removal necessary at an early stage of the operation, and 
thus adding considerable to the expense. If the cathodes, under such 
conditions, are not removed, the difficulty is quickly aggravated and 
short circuiting and inefficiency are likely to result. With a reasonably 
pure solution and low current density, this difficulty is not likely to occur, 
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especially if the solution is agitated or if the cathode is moved through the 
electrolyte. The current density, as well as the nature of the electrolyte, 
has much to do with the quality of the deposit; the lower the current 
density, the more reguline the deposit is likely to be, but there is a mini- 
mum practical limit to the current density that can be employed. 

Diaphragms. — Most of the electrolytic processes are based on the fact 
that the solvent may be regenerated during electrolysis. If the solution 
electrolyzed at the cathode requires to be kept separated from that at 
the anode, then diaphragms are necessarily inserted between the anode 
and cathode, which, while allowing the free passage of the current, will 
prevent the solutions from mixing. Or if the electrolyte contains a 
large amount of an oxidizable and reducible metal under the anodic and 
cathodic influences, it may be desirable to use diaphragms, simply to 
overcome the undue loss in electrical efficiency. If copper sulphate 
solution, containing much iron sulphate is electrolyzed, considerable 
energy may be consumed in the oxidation and reduction of the iron, 
which simply renders an equivalent in useless heat. 

Various materials may be used for diaphragms, but not many fulfill 
the conditions of low electrical resistance combined with sufficient density 
to prevent the anode and cathode solutions from mixing too freely. The 
material best suited for diaphragms is asbestos, which is not easily attacked 
either by acid or alkaline solutions, and when saturated with the electro- 
lyte, offers no appreciable resistance at low current densities. At high 
current densities, any diaphragm is likely to offer apprecial)le resistance. 
Asbestos, suitable for diaphragms, is manufactured (dthen- as cloth, paper, 
or mill board. Asbestos cloth will give the best results if it is not neces- 
sary to make an absolute separation between the anolyte and catholyte. 
When complete separation is necessary it is desirable to use mill board or 
asbestos paper in connection with asbestos cloth. In whatever form the 
asbestos is used, it is desirable that it be quite free from foreign matter 
or admixtures. 

While the construction of suitable diaphragms is not an insurmount- 
able difficulty, it is desirable to dispensci with them wherrever practicable. 
The insertion of diaphragms in the electrolyzer also i)resent8 difficulties, 
as well as the construction of the diaphragm itself. In a cx)pper clc^ctrolyte 
the ordinary materials of construction cannot be used, and hence to 
employ materials to take the place of the ordinary iron nails and l)olt8 is 
more or less expensive. Ordinary porous clay, such as is used in battery 
jars makes a good diaphram to keep the solutions separate, but its elec- 
trical resistance is too high to be used in practice, and it must be used in 
sizes too small for economic adaptation. 

It is evident that a diaphragm if it is to fulfill its purpose, its solid 
particles must not carry any current, since otherwise the diaphragm 
would not act as a diaphragm^ but as a bipolar electrode. The current 
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passes through the interstices of the solid particles which compose the 
diaphragm, and the resistance of the diaphragm is the composite resistance 
of all the innumerable passageways of the electrolyte through the pores 
of tlie diaphragm. Diaphragms should be easily permeable to charged 
ions l)ut should offer a high resistance to diffusion. 

In, Denver, at the Ch-eenawalt experimental plant, were used some 
years ago, on a lai-ge scak^, diaphragms made of asbestos cloth, asbestos 
paper, or mill board, or a combination of these, sandwiched between 
perforated boards from 1 / 2 to 3/4 in. thick. The perforations were about 
1/2 in. in diameter and as close as possilole, consistent with strength. The 
boards, with the asbestos between, were fastened together with wooden 
dowel ])ins and keyed. Tiiese diaphragms were expensive, and as the 
perforations did not exceed half the total area, only about half the 
diaphragm was effective. Diai)hragms constructed in this way, must of 
necessity be small. Their use was discontinued. 

Jaiter, W. IT Gixnmawalt constructed diaphrams which were used in 
co])per elect ro d(‘i)osition, and w(M-e built 13 ft. 6 in. long by 3 ft. wide, 
mad(‘ of two sheets of asbe^stos cloth, ])etween which were sandwiched 
tlie d(\sired thickn(‘ss of as])estos ])a|)(U', and these in turn, were sand- 
wiched l)etw(Hm two mullioned oak frames, bolted together with copper 
bolts. Thes(* diaphragms gavci satisfactory r(‘sults, but were later dis- 
car<led wlum it was found that for th(‘ j)rocess under demonstration, dia- 
phramgs (‘ould ])(‘ dispens(Hl with (viitirely, 

Ikd^.s st-at(^s that the best diaphragm h(^. knows of for ordinary weak 
a(‘id solutions may be rmide as followsD Powdered sulphur is sifted 
(‘V(‘nly ov(u* a 1 /4-in. aslx^stos mill board and the sheet heated evenly 
an hour or so just above the melting point of sulphur. The operation 
is them n^peatcnl wit h the other side. It takes from 1/4 to 3/4 lb. of 
sulphur to t.he stpiare foot of mill board. This diaphragm is plastic 
wlnui lu‘ated and in solutions do{‘s not soften at all. It expands 
slight.ly, and should b(‘ kc^pt in acid water two or three weeks before 
using in any kind of rigid construction. Tlie rcvsistancc is somewhat 
high(‘r tlian without tlu‘ suliihur, but the diffusion is smaller. 

Current Density •—The current demsity has miudi to do with the elBS- 
(deucy of the op(‘rat.i«)n and the nature of the copper deposited. It is 
not poBsilile, in ek^d rolyzing impure kaxching solutions, to use as high a 
(uirnmt diuisiiy as in cdc^ct rolytic refining, owing principally to the im- 
purities, and to some (^xtmit the huiner copper content. If a reguline 
deposit is desired, it will b(‘ necessary to xise a rather low current density. 
In electrolytic decominmition high current density causes impoverish- 
ment of ions at the (dechrodes and causes trouble. This impoverishment 
is prevented by stirring the electrolyte or moving the electrodes. 

The energy efficiency bcMa>mes less as the current density is increased, 

^ “ Electrochemical Industry/' July, 1908. 
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and the theoretical voltage is only approached at very low current 
densities. If the voltage for a certain electrolyte, for example, is 1.2 at 
5 amperes per square foot, at a current density of 30 ampei'es pevr 
square foot it is very likely to be three times that. Or, in other words, 
the energy efficiency at a current density of 30 amperes per scpiare foot, 
is likely to be only one-third that at 5 amperes per square foot, assuming, 
of course, that the amount of copper deposited is the same in ])otli cases, 
which may be a gratuitous assumption. It follows, furtlicr, that while 
the electrolytic deposition of the copper will take three times the power 
at 30 amperes per square foot as it would for 5 amperes per square foot, 
the size of the plant would be only one-sixth as large, and presumably 
cost only one-sixth as much. 

The lower current densities will be largely limited to the cost and size 
of installation for the same output, and the larger current densities by the 
cost of operation. 

The cost of power will be a governing factor in deciding the current 
density to be employed. If power is cheap it will probal)ly cost no more 
to operate at a fair current density than at a low current density; for 
while the power, per pound of copper, will cost more, this will be offset 
by the decreased cost of installation, maintenance, and attendance. 

If high current densities are employed, it will be desirable to agitate 
the electrolyte, or employ some form of moving catJiode, so as to l)ring 
sufficient copper ions in contac.t with the cathode and thus avoid usedess 
expenditure of energy in the decomposition of other substancuvs in the 
electrolyte, or even the electrolyte itsedf. 

It was observed soon after pra(^ti(^al attem])ts wim) madc^ at (;oj)p(^r 
refining, about the year 18()5,that the (uirrent dimsity, and consequently 
the rate of deposition could be considerably iiun’cased by (ujxuilating tlic 
electrolyte or moving the electrodes. 

Wilde was one of the first to deposit copper on a revolving (nithode. 
The anodes consisted of copper cylindrical tul)es, and the c.athode (con- 
sisted of an iron cylinder whicdi was to b(^ coatcul with co])})(‘r. 
cathode was placed in the center of the (dectrolyzer and rotat<Hl on it.s 
axis. This gave an even distribution of tln^ over the (uit.irc! 

cathode surface l)y means of the motion imparted to the solution and 
the equal current density resulting from the motion. Tlui curremt 
density used was about 20 amperc^s per sepia, r(i foot. 

Elmore used horizontal mandrels on whicdi cojipcu’ sheets or tul)eB 
are deposited, while agate burnishers travel continuously over the e-oppcT 
so as to consolidate it and at the same time prevent the growth of (a)])per 
trees or nodules. The current density used was aliout 30 amperi^s p(‘r 
square foot. 

Dumoulin introduced a process for burnishing copper, during dcqiosi- 
tion, with sheepskin as a substitute for agate. Ho claimed that the 
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process had the additional advantage of insulating any projections that 
might be formed on the deposited metal. It was claimed that a current 
of from 30 to 40 amperes per square foot of cathode surface could be used 
with a difference of potential of l.G volts, using a soluble copper anode. 

Cowper-Coles gets excellent deposits of any desired thickness by 
revolving a cylinder cathode at a speed of from 1500 to 2000 lin. ft. per 
minute, with a current density of 200 amperes per square foot. 

Attempts have been made at various times to increase the rate of cop- 
per deposition by Swan, Elmore, Thofern, Graham, Poore, and others by 
impinging jets of the electrolyte against a cathode surface. The quality 
of the deposits is likely to be unsatisfactory if impinging jets are alone 
employed; it is desiralde, therefore, to move the cathode also, in order 
that the deposited copper may ])e uniform over its entire surface. 

Whatever the means empio 3 ’’ed to increase the rate of deposition, the 
essential object to be attained is to bring sufficient copper ions in contact 
with the cathode, corresponding to the increased current, and to get a 
reguline deposit by friction either with the electrolyte or burnisher. 

General Laws Governing the Electrodeposition of Copper. — In the 
decomposition of cop])er solutions, work is performed and energy con- 
sumed. The factors governing the cxi)cnditure of energy, in electrolysis, 
arc 

The (dectromotive force. 

The resistance, and, 

The current. 


The electromotive force (e. m. f.) is measured in volts; the resistance 
in olims, and tlie curr<mt in arnpeu-es. A (Icffinite relation exists between 
these three factors, wherel)y tlie value of any fac^tor may always be calcu- 
lated when tlie value of tlie otluir two are known. Tliis relation is known 
as Ohm's law, and may bc^ stated thus: 

The current nircn(jth in any circuit is equal to the electromotive force 
applied to the circuit, divided by the resistance of the current. Or more 
briefly stated: 


Curnnit 


Amperes 


C 


Pressure 

Resistance 

Volts 

Oluns 

E 


R 


In other words, the electromotive force (e. m. f.) which may be 
assumed to be the electrical pressure by the dynamo, causes the flow of an 
electric current. The current is directly proportional to the electromo- 
tive force. The resistance (electrical conductors and electrolyte) oppose 
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the flow of the current. The current is therefore proportional to the 
electromotive force. 

The current strength in any circuit increases or decreases directly 
as the electromotive force increases or decreases, when the current is 
constant. With a constant pressure the current increases as the resist- 
ance is decreased, and decreases as the resistance is increased; or briefly, 
the current varies directly as the electromotive force and inversely as the 
resistance. 

From this it follows, that to double the resistance halves the current, 
the electromotive force remaining constant. Or, if with the doubled 
resistance the current is to remain (constant, the electromotive force, 
and consequently the power, must be doubled. 

It also follows from Ohm's law that when through a given resistance 
the current is required to be doubled, the ])ower must l)e increased four 
times; or in general, the resistance remaining constant the power in- 
creases proportionately to the square of the current. 

Ohm's law, applied to the deposition of coi)p(vr, means that, theoretics- 
ally, the least power is required to deposit a givcm, amount of copper 
when the lowest possible current density is us(Hb This would rccpiire in 
practice, a plant of unlimited size, so that a W(tl (h^sigruMl plant must of 
necessity be a compromise between theoretical conditions and practical 
requirements. 

The Electrical Power is the product of the number of volts multiplied 
by the number of amperes of the curnuit. Its unit is the Watt. 746 
watts make a horse power; 1000 watts a kilowatt, hhther the horse 
power or the kilowatt may be taken as tlu^ unit of powcu*; the kilowatt 
is the most convenient in electric,al and (dectrolytic work. 

The power consumed in depositing a definite amount of copper may 
be expressed in horse power, thus: 


h. p. 

and in kilowatts, 

k. w. 


Volts X Amperes 
746 

V olts X Amper(‘s 
1000 


The most important laws in relation to electrolysis arc those of 
Faraday. His law of electrolysis may be stated thus: 

Faraday^s Law. — 1. The amount of chemical change produced elecL'O- 
lytically by the current is proportional only to the amount of electricity 
passing^ as measured in columhs^ and is independent of the strength or 
temperature of the electrolyte^ or the size or distance apart of the electrodes. 

2. The amount of different elements dissolved or set free by the passage 
of a given amount of electricity is proportional to their chemical equivalents. 
Or in other words, the amount of electrochemical action produced is 
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directly proportional to the product of ampere hours and the chemical 
equivalents. 

A given quantity of current, therefore, will always deposit the same 
quantity of a given element, and the elements are deposited propor- 
tionally to their chemical equivalents; as for example, hydrogen 1, 
oxygen 8, chlorine 35.5, cupric copper 31.75, cuprous copper 63.5, etc. 

The Chemical Equivalent is the quotient — — — f 

electrochemical equivalent of a substance is identical in weight with the 
amount of the same substance that would be deposited by 1 ampere 
in 1 second (that is, 1 columb). The electrochemical equivalent of any 
element may be calculated by multiplying the chemical equivalent of 
the element by .000010384, which is the electrochemical equivalent of 
hydrogen. For cupric copper it is 0.0003297 and for cuprous copper 
it is 0.0006594 (grams per columb). 

Theoretical Data for Copper Deposition. — Theoretically 1.1858 grm. 
of copper are deposited by 1 ampere-hour from cupric, and 2.3717 grm. 
per ampere-hour from cuprous solutions. This for practical purposes 
would mean that 1 ampere should deposit 1 oz. of copper from cupric 
solutions, and 2 oz. from cuprous solutions, per day of 24 hours. From 
this it is easy to compare the current efficiency of any process or opera- 
tion with the theoretical amount, which may be taken as 100 per cent. 

The following theoretical depositions of copper, referred to various 
units, will be found convenient for reference: 

One ampere-hour will deposit, theoretically, 1.1858 grm. of copper 
from cupric solutions, and 2.3717 grm. from cuprous solutions. 

0.8433 ampere-hours will deposit 1 grm. of copper from cupric solu- 
tions, while 0.42164 ampere-hours will deposit 1 grm. from cuprous 
solutions. 

One ampere-hour will deposit 0,02614 lb. of copper from cupric solu- 
tions and 0.05228 lb. from cuprous solutions. 

382.50 ampere-hours will deposit 1 lb. of copper from cupric solutions; 
191.25 ampere-hours will deposit a pound of copper from cuprous 
solutions. 

746 ampere-hours will deposit 1.9494.1b. of copper from cupric, and- 
3.8988 lb. from cuprous solutions. 

1000 ampere-hours will deposit 2.6143 lb. of copper from cupric, and 
5.229 from cuprous solutions. 

These statements of deposition do not take into consideration the 
voltage at which the current is delivered. It simply represents the 
amount of copper irrespective of the voltage. While the current efficiency 
of a process may be determined from the above theoretical quantities, 
the energy efficiency can only be determined when the theoretical as well 
as the practical voltage is known. 
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The theoretical voltage is proportional to t,ho heal.s of (^onil)iiuition of 
the compounds decomposed, and may be ealculatcal from the molecular 
heats of combination as a 1)asis. For cupric sulphate it is 1.22 volts; for 
cupric chloride it is 1.35 volts, and for cuprous chloride it is 1.42 volts. 
Blount^ found by actual experimeiit in his laboratory that tlui minimum 
pressure necessary for the deposition of coppeu- from cupric sxdphate, 
using an insoluble anode, is 1.375 volts. 

Knowing the theoretical deposition of copper by a definite amouiit 
of electric current, and the theoretical voltage as determined from the 
heats of combination, the theoretical power consumed in electrodcposi- 
tion may readily be calcxilatcd, and this is takcui as the standard of the 
energy efficiency, or 100 per cent., to which all practical energy efficiencies 
may be referred, since that represents the greatest possil)le amount of 
copper that can be deposited with a given amount of (ile<!trical energy. 
It represents the greatest amount of coi){>er that can bo dc^posited with a 
definite current, and the lowest possil)le voltage at which it can be 
deposited. 

The following tabulated statement, gives in convenient form, the 
theoretical energy rcrpiircd to dejrosit coi)per, with insoluble anod(^s, 
from cupric sulphate, cupric chloride, and cuprous chloride solutions, 
based on the molecular heats of combination. 


Electrolyte 

Crm. per 
h. p.-hour 

Clrm. per 
k. w.-hour 

Lh. per 
h. p.-hour 

Lh. jH'r 
k. w.-hour 

Lh. per 
h,. p, day 

Ll>. per 
h. day 

Cupric sulphate — 

72(J 

072 

1.5070 1 

2.1420 

:m.or» , 

51.43 

Cupric chloride. . . . 


H7H 

1.4440 i 

1 .0440 

04.00 

46.00 

Cuprous chloride.... 

1240 

1«7{) 

2.7451 

2.082-1 

i 

05.88 

1 

88. 3H 

1 


To determine tlu; actual (uirrent and energy (^Ifuncmcic's of copper depo- 
sition in an electrolytic process, the current is accurately measured both 
as to quantity and pressure — ampon's ami volts — for a c.ertaiu definite 
time. The amperes multiplied by the volts, givcm tJie watts; 740 watts is 
equal to a horse-power, and 1 ()()() watts to a kilowatt. Tlie copper de- 
posited is carefully ciolhicted, dri(!d, wcughed and assayed to d(d.ermin(^ 
its purity. The weight of tlu; pure (iopper deposited by the current and 
the power consumed, compared with the theoretical, gives the current 
and energy efficiencies. 

For Example . — In making a certain test on the electrodeposition of 
copper from a cuprous solution, a current of 400 amperes was used for 
12 hours (4800 ampere-hours), at 1.8 volts. The pure copper recovered 
was 18.2 lb. The theoretical amount that should have been deposited 
at the rate of 5.229 lb. per 1000 ampere-hours, is 25.1 lb. The test, there- 

* “Practical Electro-Chemistry,’' p. 64, 1900. 
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fore, showed a current efficiency of 72.5 per cent. The copper deposited 
in the test was at the rate of 2.15 lb. per k. w.-hour; the theoretical 
deposition per k. w.-hoiir is 3.6824 lb.; hence the energy efficiency is 
58.2 per cent. As compared with the deposition from cupric solutions, 
however, this test would show a current efficiency of 145 per cent, and 
an energy efficiency of 116.4 per cent. 

In practical electrolytic work it is rarely that 90 per cent, is exceeded 
for the current efficiency, and 50 per cent, for the energy efficiency. It 
will usually be found profitable to sacrifice electrical efficiency for other 
considerations. 

In many processes, the secondary anode reactions tend to reduce the 
theoretical voltage; this may vitally effect the energy efficiencies as above 
given, because the secondary reactions must be taken into consideration 
in figuring the energy efficieiu^y for any particular process, when such 
reactions are involved. In the Hoepfner process, for example, the 
theoretical voltage for the decomposition of cuprous chloride is 1.42 
volts, but tliis is to some extent offset by tlic recombination of the released 
chlorine at the anode, com]>ining with the cuprous chloride to form 
cupric chloride, so that the theoretical voltage is only 0.18 volt, instead 
of 1.42 volts, or only a!)out one-eighth. The theoretical deposition, tak- 
ing into account tlie se(‘ondary rea(*tion, would be 697.2 lb. of copper per 
k. w.-day of 24 hours inst^ead of 88.38 as given in the table. A similar 
reduction of voltage is th(‘or<‘ticalIy ])ossible in the Siemens-Halse process 
as also in processes usitig sulphur dioxide to combine with chlorine or 
sulphion at tlie anode. It must be evident, however, that these reduc- 
tions of voltages due to secondary reacdlons, are more apparent than real, 
larg(dy l)ecause an iinpracticabk^ small current density must be employed 
for their realization, or (weu an api)roa(*h at realization, although Hoepf- 
ner claimed a practical voltages of 0.8 volt in the operation of his process; 
bxit lloepfruu' us(h 1 an ex(‘eedingly low current density. 

Loss of Energy in Electrol 3 rtic Work: Joule^s Law.— Much of the 
energy (consumed in el(H;trol ytic work, both in the conductors and electro- 
lyte, appears as heuit. Joule first discovered that the development of 
heat was proportional to: 

1. The resistance of the conductor; 

2. The square of tlie current; 

3. The time during which the current flows. 

When heat is thus prodiuted in the conductors and the electrolyte it 
is a waste of power. The current density both in the electrolyte and in 
the conductors may seriously affect the heating of the circuit, and con- 
sequently the ultimate voltage at the dynamo. The conductors should, 
therefore, be amply large to carry the current, and the electrical connec- 
tions should be as few as possible, and all connections should be well 
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made. At the Anaconda Copper Refinery it was found on careful in- 
vestigation, that 20 per cent, of the loss of efficiency was in the conductor 
connections. 

A considerable percentage of the power used in electrodeposition of 
the copper may be lost in the metallic conductors, and contacts, especially 
if the conductors are of insufficient cross section and the connections poor. 

For electrolytic refineries, which are presumably under at least good 
average conditions, Addicks^ gives a rough summary of the relative value 
of the resistances in practice, as follows: 

Metallic resistance, 15 per cent. 

Electrolyte, including transfer, GO per cent. 

Contacts, 20 per cent. 

Counter e. m. f., 5 per cent. 

Contact resistances are met with at the joints in the main bars and at 
the connections between the bars and the electrodes. Tlie joints in the 
main bars should be equal in conductivity to tlui bar itself. This stand- 
ard can be easily attained if the bars arc i)ropcrly faced. Three hundred 
to four hundred amperes per square inch of l)caring area will give no 
trouble. 

The counter electromotive force in copper refining, due to the greater 
concentration of the electrolyte at the anode tlxau at the cathode is quite 
small, usually about 0.02 volt. Contacts for cojxixn* (l(q)osition from 
insoluble anodes arc more likely to be sour(‘.e of loss of energy than in 
electrolytic refining, due to the considerably liigher voltage between the 
electrodes. In copper refining the differenccj of potetitial Ixetween the 
electrodes is from 0.2 to 0,4 volt, while in (topper deposition with insolu- 
ble anodes, it will vary in practice Ix^tween 1.5 and 3 volts, depending 
largely on the current density emixloyed. 

The Electrolyte. — The solvents usually emphiyed for ele(;trolytic 
processes have either suli)huric or hydrotdiloric a(nd as the basis. The 
solvent, to a large extent, determines the dc'tails of thc^ process. In the 
electro deposition, the solvent should bo regenerated, as well as the cop- 
per precipitated. In leaching copper ores, therefore, repeatedly with 
the same solution all the soluble impurities in tlie ore are likely to be found 
in the electrolyte, and this is true, but not to the same extent, if the solu- 
tion is used only once and then wasted, instead of Ixnng used repeatedly 
in the same cycle. The cycle will ordinarily consist of: 

Solution, 

Precipitation, 

Regeneration; 

^ The Journal of the Franklin Imt%tut€f Dec., 1905- 
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and it is not likely that any electrolytic process can achieve marked 
success on any other basis. The regeneration may be direct; that is to 
say, take place in the eh^ctrolyzer and under the action of the current; or, 
the anode products may be withdrawn from the electrolyzer and then in 
some way combined with tlie solution. 

Whatever nu^tliod is adopted, the solution, in a cyclic process, is likely 
to ])ecome (‘harged with impurities and thus reduce the efficiency of the 
de])ositioii. Two alternatives present themselves; either to purify the 
solution, or waste it at intervals. If the solution is wasted, a small 
portion of it may be withdrawn at every cycle, and a corresponding a- 
mount of fresh water added. This can be done quite readily if there is 
more solvent n^gt^mvrated in the ]}rocess than is consumed by the ore. 

Various methods have been suggested for purifying a foul electrolyte; 
these differ somewhat as a sulphate or a chloride solution is used. 

The injurious effect of an im])ure elcctrol 3 Te is sliown more particularly 
in the elecd-rolysis. The undesiraldc metals in the solution may be de- 
posited with the cop|)(u* if the solution lias become impoverished, or else 
iisel(‘ss energy may !>e expcnided in reduction and oxidation, or in depo- 
sition and imm(Niiatc‘ solution, nnd(U' the influence of the current. 

A (U>m]>arative measure* of the (uiergy required to deposit the various 
nu'tals, is obtaiiu'd liy taking the h(‘at of combination of tlic metals with 
oxygem, to form salts. Those metals are first deposited whicli have the 
lowest heat of comliination, otluu* things Ixnng equal. The order of 
deposition may be ajijiroximatcd^^ statenl as follows: gold, silver, copper, 
antimony, Ixismutli, arscmic, lead, nickel, cobalt, cadmium, tin, iron, zinc, 
manganeHe. Tlic^ alkali metal salts, cuther the chlorides or sulphates, are 
only decomposed with consid(u*able diffinmlty, lu* vertheh^ss, when high 
curremt dcmsiiic^s an^ cmiployed tlu^y may frecpumtly lie the cause of con- 
siderable loss of effici(*ncy. 

Cold and Hilv(*r will be dcqKmited with the copper, and the deposition 
may take place either chcunicall}’’ or (dcctrolytically. Neither gold nor 
silvc*!' are lik(‘Iy to be in sulphate sohitions; both may be in chloride 
solutions. 

The order of precipitation, iw? given, is dependent upon certain con- 
ditions which must Ixj c>l>served. Princdpally among these conditions 
are the strengtli of current, the nature of tlie electrolyte, the relative 
proportion of the iii(!talB in solution, and if the solution is low in copper, 
whether or not the electrolyse is agitated. If the current density, and 
consequently the voltage, exceeds a certain strength, all the metals, or 
several of them, may l)e (leposited together. The more neutral the elec- 
trolyte is, the more easily will the more electropositive metals be depos- 
ited, The current is always striving to decompose the electrolyte into 
metal br oxide and acid or the acid radical; while the liberated acid is 
striving to redissolve the liberated metal or oxide. These two forces are 
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always opposed to one ajiotlier, and under varying conditions either may 
gain the upper hand. The i-esolvent action of the acid, in cases where the 
components of the eku'.trolyte have a strong chemical affinity, may 
overpower the action of a weak current. 

In the deposition of copper this secondary reaction may not be of much 
importance in a sulphate electrolyte, but it is quite noticeable in the pres- 
ence of good circulation of the electrolyte, and more or less access of air 
to the cathodes. With a chloride electrolyte this secondary reaction may 
be quite pronounced under certain conditions, especially if the electrolyte 
is violently agitated. With all of the easily dissolvable metals, it is this 
secondary reaction which prevents the metal from making its appearance 
at the cathode in metallic form, as the deposition, and solution due to 
secondary reaction, are practically simultaneous, and the operation 
simply results in a corresponding loss of efficiency. 

It is evident that if the current density exceeds in amount that capable 
of being supplied with copper ions, other metals in the electrolyte are 
decomposed, and under aggravated conditions the electrolyte itself may 
be decomposed- The relative amounts of the various metals in solution 
also determines the efficiency of the process under certain conditions. 
If the electrolyte contains only a small amount of copper and considerable 
zinc — conditions (|uitc likely to occur — the copper will be deposited to 
the exclusion of the zinc with a correspondingly low current density, but 
if that density is exceeded, the zinc will be electrolyzed, and if the elec- 
trolyte is quite acid it will l)c rcdissolved at the cathode as rapidly as de- 
posited, with tlui net result that the copper will be permanently deposited 
at the cathode, l)ut at a greatly increased expenditure of energy. If 
the metal at the cathode is not readily soluble in the electrolyte, the 
copper will be correspondingly impure. 

When copper ores are leaclied with any acid solution, or a solution 
having an acid base, atiy or all of the metals may be in the solution, and 
when electro] yz(Ml may be influenced by the current as described. As the 
electrolyte remains more acid, purer copper is likely to be deposited, 
but when it b(KU)meB neutral, or only slightly acid, the undesirable metals 
are deposited with the coj)j)er and arc likely to remain on the cathode. 
Such a condition, however, is not likely to occur since a neutral, or 
only slightly acid solution, is not an energetic solvent of copper from 
its ores. 

The principal factors which determine the kind of ion to be deposited 
on the cathode is the heat of formation of the different possible reactions; 
that reaction which absorbs the least energy occurs, in general, the most 
readily; but this statement is only approximately true. The concentra- 
tion of the two electrolytes and the current density must be taken into 
consideration. 

The heat of formation of the most important chlorides and sulphates 
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likely to be in the electrolyte from leaching copper ores, in dilute solutions 
is as follows: 

Moleculah Heats of Formation of Chlorides and Sulphates in Dilute Aqueous 

•Solutions 



Chlorides 

Sulphates 


NaCl, 

96,600 calories 

Na.SO^, 

328,500 

CaCl... 

187,400 calories 

MgSO^, 

321,100 

MgCl,, 

187,100 calories 

CaSO„ 

321,800 

MnCU, 

128,000 calories 

ALS3O,,, 

879,700 

AICI3, 

238,100 calories 

MnSO^, 

263,200 

ZoCIj, 

113,000 calories 

Z11SO4, 

248,000 

FeCU, 

100,100 calories 

FeSO^, 

234,900 

FeCU, 

127,850 calories 

FCoSgOig, 

650,500 

F1>C1,„ 

77,900 calories 

NiSO^, 

228,700 

CuCl, 

35,400 calorics 

PbSO„ 

216,000 

CuCL, 

62,500 calories 

CuSO^, 

197,500 

A.sCl„ 

71,500 calories 

IIoSO^, 

210,200 

SbCl,, 

91,400 calorics 

Ag^SO^, 

162,600 

Bid,, 

90,800 caIori(‘s 



AgCl, 

29,000 calori<‘s 



AuClj, 

27,200 calorics 

SO3, 

141,000 

HCl, 

39,400 calorics 

SO., 

77,600 

NiClj, 

93,900 calories 

IIA 

69,000 


The decomposition values are independent of the solution, in the case 
of bases and acids which on electrolytic decomposition evolve oxygen and 
hydrogen at the electrode, and this is true for all acids excepting those 
whose decomposition values are below the maximum. For these the 
value rises with increasing dilution, and finally reaches the maximum. 
This is very marked in the case of hydrochloric acid: 


2n II Cl, 
n IICl, 
l/2n IICI, 
l/fm mil, 
1 1 Km IICl, 
l/32n IICl, 


Decomposition point 
1.26 volts 
1.31 volts 
1.34 volts 
1 . 43 volts 
1 . 62 volts 
1.69 volts 


With l/32n IICl a point is reached where chlorine is no longer given 
off, but a large proportion of oxygen. 

In leaching ores with sulphate solutions, the chlorides are not likely 
to present, but if a chloride solution is used, the sulphates are quite sure 
to be present, especially if the ore is roasted. The chlorides will be 
decomposed before the sulphates. 

If, for instance, the electrolyte contains CUCI 2 , ZnCl 2 , and NagSO^, 
either the Cu, Zn, or Na may be active in transporting the current 
through the solution, but the heat of combination of cupric chloride is 
62,500 calories; that of zinc chloride 113,000 calories, and that of sodium 
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sulphate 328,500 calories, so that copper will be deposited to the exclusion 
of zinc until the minimum voltage for the electrolysis of zinc chloride is 
exceeded; then the zinc chloride may be decomposed if there are not 
enough copper ions in the solution to transport the current through the 
electrolyte, and finally even the sodium sulphate may be decomposed, if 
the voltage is sufficiently high. It is evident, however, even with impure 
electrolytes, copper may be deposited to the exclusion of other metals 
in appreciable amounts. 

Effect of Bismuth, Arsenic, and Antimony, in the Electrolyte. — None 
of the metals highly injurious to copper, such as bismuth, arsenic and 
antimony, are likely to affect the deposited copper. These metals are 
largely eliminated in the cyclic operation of the process, even if contained 
originally in the ore. If the ore is a sulphide and has to be roasted, these 
elements are largely volatilized during the roasting. If they should 
accumulate in the solution, they are easily removed and their removal 
may be made to render an equivalent in acid by preci})itating wit-h 
hydrogen sulphide. Bismuth is not deposited on tlie cathode even when 
present in considerable quantities. Neither arsenic nor antimony are 
deposited with the copper unless the solution ap})]-oachcs neutrality. 

Iron in the Electrolyte. — Iron is most likely to l)e in the electrolytes, 
as it always is associated with copper ores. In sulpliato solutions tlie 
iron is likely to accumulate indefinitely, to saturation, unless the solution 
is purified at intervals. With chloride solutions, the iron chloride act.s 
more or less on the copper compounds in the ore to form coppen* cJilorich', 
while the iron is precipitai.ed as the insolubk^ f(‘rri(5 oxide. In the 
electrolysis of a copper sulphate solution, containing consideralile iron 
sulphate, the iron passes from the ferrous to tlu^ fcn-ricj condition at the 
anode, and is transformed back again to the f(UTOus condition at the 
cathode, and thus using energy without rend(u*ing a useful (apiivalent. 
Similarly the ferrous chloride may be transforimul to ferric c.hloride and 
back again, as the solution passes from anode to cathodes, but in so doing 
the ferrous chloride is likely to bo oxidized to the fcn-ric oxides, under the 
oxidizing influence of the chlorine. 

E. H. Larrison, aptly sums up the effect of iron sulphate', in an elcHitro- 
lyte of copper sulphate as follows:^ 

^^The process of elcctrolyHis exereases in the main a redmting influence in an 
electrolyte of copper sulphate containing iron sulphate'.. Further reKlmhion, and 
probably the retardation e>f the deposition of the <*.opper, comes about through 
some such reaction as the following: 

Cu + Fe, (SO,) 3 - CuSO, + 2FeSO,. 

That is, copper already deposited or on the pefint of l)eing deposited is attacked 
by the ferric sulphate and dissolved thereby, also reducing the ferric to ferrous 

and M. Sept. 7, 1907. 
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sulphate. When tiu* })roe(‘ss has gone on for sometime the eleetrolyte becomes 
so dilute with r(\speet to ferric sulpiiate that the last of the copper is able to keep 
its i)la(;c upon the cathode. Tins accounts for the difficulty of, and the compara- 
tive great time necessary for the removal of the last few miligrams of copper from 
a solution high in iron. When using a stirrer and high current densities, a very 
small reduction in tlie current density is quickly followed by the re-solution of 
much of tlie deposited copper. It seems as if the copper is able to keep its place 
on the cathode only with a certtiin electrical or reducing tension. 

“Circulation of the electrolyte not only allows the use of higher current 
densities, and thereby more rapid work, but it gives the current greater efficiency. 
This is not only due to the fact that the solution is kept uniform and the copper 
deposits more rapidly, but also the reducing effect of the iron is much greater 
and consequently the dissolving power of the solution is decreased much sooner. 
A very rapid method of reducing the iron before applying the current would save 
time. 

“The influence of iron on copper electrolysis may be summed up as follows: 

“ 1. High percentage's of iron in the ferric condition materially retard copper 
dei)osition. Ferrous salts have little or no effect. 

“2. The effect of the electric current in the usual solution is to reduce ferric 
salts to ferrous salts. This reduction must i)roceed to a certain point before all 
the eoi)per will remain on the cathode. This point is about the same whatever 
the iron and copper percentages, but it varies some as the solution is circulated 
or stationary. 

“3. Ilapid circulation of the solution by a stirrer permits the use of high 
current densities without sponging, thereby making faster deposition. The 
cmrrent also is more effunent for both dej)ositing copper and reducing iron.’' 

Purification of the Electrolyte. — Various methods have been suggested 
for purifying the electrolyte, and these depend to a large extent on the 
nature of the solvent. Many arc based on the practice of the electrolytic 
refineries. 

The solution may be treated clcctrolytically by passing a current of 
electricity through it with a high current density at the cathodes, and 
employing either copper or lead anodes for sulphate solutions, and 
carbon anodes for cldnridc solutions. By this means many of the 
metallic impurities can be thrown down on the cathode, especially if the 
Bolution is not too higldy acid. 

At Anaconda a proctess wuus used which consisted in passing the impure 
electrolyte repeatedly through a layer of oxidized copper, so as to partially 
precipitate the antimony and bismuth. By this treatment the solution 
becomes nearly neutral, and saturated with copper, and was then oxidized 
by passing air through it, so that the iron is partially precipitated as 
ferric oxide. 

Hike states that one of the best methods for purifying old solutions is 
that in which it is electrolyzed in special vats, the anodes being of lead, 
and the cathodes of copper. A current density is employed sufficiently 
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great to deposit the arsenic and antimony, but not strong enough to 
deposit the iron. The solution thus freed from the arsenic and antimony 
is returned to the copper depositing vats to be used in the ordinary way, 
and this is repeated until the bath contains so much iron that it is 
necessary to remove it by crystallizing out the ferrous sulphate. 

Ottaker Hofmann gives the following method of purifying copper 
sulphate solutions having in addition to the cupric sulphate, salts of iron, 
arsenic, antimony, bismuth, cobalt, nickel, etc.^ 

''The crude neutral cu])ric sulphate solution is forced into towers, about 6 ft. 
in diameter and IG ft. high. These towers are lined with lead. A lead pipe, 
connecting with an air compressor, is led into the tower through the funnel- 
shaped bottom. Near the bottom is a h^ad steam coil for heating the solution. 

"When the tower is filled with impiuxi solution, obtained by treating roasted 
copper matte with dilute sulphuric acid, steam is allowed to enter the coil and 
heat the solution and at the same time air is forced through the pipe at the 
bottom. The ascending air imparts a violent boiling motion to the liquor. 
Part of the iron is pre(‘ii)itate(l as basic salt, by the action of the air. More than 
half the iron was ncv(U' prcicipitated altliough the treatment was extended many 
hours. When the solution is hot (75 to 80® C.) roasted matte is added. The 
violent boiling motion of the solution ke(q)s the matter in susi)en8ion, and after 
3 or 4 hours the solution will be entirely fn^e from iron, arsenic, antimony, bis- 
muth, etc. To observe and r(‘gulate the progress of the operation the solution 
is tested from time to time for iron by taking sam|)lcH through a small cock 
inserted in the sides of the tower. It is not necessary to test the solution for 
other impurities, because tlie iron predominates, and by the time all of it has been 
precipitated, no trace of the other impurities will be found. 

"The chemical reaction of this pnxKiss may be expressed as follows: 

2F(^S(), + 0 + CxiO - V\(), + 20mS(),. 

This shows that the cupric oxide, which together with air, is used to precipitate 
■the iron, combines witli the sulplmric acid of the ferrous sulphate, and goes in 
solution as cupric sul|)hate; a dcunded advantage, as the precipitant is converted 
into cupric sulphate, and thus enriches the copper solution.^' 

At the Kalakcnt Copper Works, Etissia,® when the impurities in the elec- 
trolyte had acxuiinulatcxl to such an (»xtent as to endanger the quality of 
the electrolytic c{)|)|)or, the foul solutions were withdrawn from the in- 
dividual or group of tanks and rogeruu’atcd, this regeneration being ac- 
complished with considerable difficulty at first, but finally it was done 
advantageously as follows: 

''The foul solutions were heated an<l passed over dead roasted matte fines, 
heaped in loose-bottomed trays arrangecl in series in upright rows. By this 
method all the sulpluiric acid in solution, down to about 2 grm. per 100 c.c., was 
neutralized and combined with copper and iron. Tlie solution was th^n allowed 

^Mineral Industry, Vol. VIII, p. 192. 

^ Titus Ulke, "Modern Electrolytic Copper liefining," p. 145. 
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to trickle through heaps of roasted low-grade copper ores, which resulted in the 
almost complete neutralization of its acid contents. It was then diluted with 
wash waters down to 10 to 12° B. and heated, to free the solution from iron 
arsenic, tin, and bismuth, in lead pans, which were provided with an appliance 
for injecting compressed air into the solution. Anode scrap was suspended in 
the pans so as to neutralize any remaining portion of acid, and to take up any 
new acid set free through the separation of iron hydrates, and thereby form 
copper sulphate. By blowing compressed air into the solution heated to about 
50° C,, the copper in the anode residue or scrap was quickly dissolved, and the 
separation of the iron, arsenic, antimony, tin, and bismuth, which occurred when 
the solution had been nearly or completely neutralized, accomplished. The 
solution was then concentrated up to 14 to 15° B. and clarified in special reser- 
voirs. It now contained 3.5 to 4 grin, of copper per 100 c.c., and of impurities 
only 0.5 to 1 grm. iron, besides traces of zinc, nickel, and cobalt, and was there- 
fore pure enough for reuse as electrolyte. The excess of purified electrolyte 
which gradually accumulated wdth this method of regeneration was eventually 
withdrawm from tlie circnilating system and worked up into blue stone. The 
electrolytic co|)])er possessed a purity of at least 99.9 per cent, by analysis, and 
averaged 99.93 per cent, copper.” 

If cupric sulphate is crystallized out of impure solutions and redis- 
solvcd in water, it may !)e (dec^trolyzed to deposit the copper and liberate 
the combined sulphuric acid. The acid solution may then be again 
applied to the ore, with all or most all of the impurities eliminated. 

lloepfiier^ proposcul pr(uu])itating the impurities from a chloride 
Bolution with oxychloride of co|,)per. In doing this, some of the cuprous 
chloride in the solution is converted into the oxychloride of copper by 
blowing air or oxygen into the electrolyte: 

Chi/n^ + O-CuXl/). 

'^This is most conveniently done by (moling the s(3lution, or a part thereof to 
|)recipitate th(i (niprous chloride, wdiich is then convert(Kl into the oxychloride by 
(tontac^t with air. This solid |)recipitate is a most efficient reagent for iron and 
to enrich solutions poor in copper so as to make it more suitable for electrolysis. 
The reaction may be ex|)ressed as: 

3Cu/n,0 + 2Feri3 - 4CuCl3 + 

Lime, the caustic alkalis or alkaline earths, or their carbonates, may be used as 
precipitants; or tlie oxides or car})()nates of nietals, as, for instance, of copper, 
may be employed in the separation of the undesirable metals from the electrolyte, 
the metals being precii)itated acamrding to the precipitant used in the form of 
oxide or in the form of arsenate and antimonate of iron or copper, the arsenic 
and antimony being present in the solution in the form of arsenious and antimon- 
ious acids, or arsenic and antimonie acids which arc converted by the precipitant 
into insoluble arsenic and antimonie salts, while if an oxide or carbonate of 
copper is used the arsenic and antimony are converted into insoluble . arsenate or 

S. Patents No. 507,130, Oct. 24, 1893, and No. 704,639, July 15, 1902. 
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arsenite of copper and the corresponding salts of antimony. Inasmuch as the 
electrolyte contains copper it may readily happen that the salts last referred to 
will be formed without the use of a copper salt when lime or an alkali is iLsed as 
the precipitant. In either case, but a comparatively small proportion of the 
copper goes over with the precipitant, which quantity is in no case greater than 
the quantity of the arsenic and antimonic salts precipitated.” 

Greenawalt purposes purifying chloride solutions by electrolyzing 
common salt to form caustic soda and chlorine; the caustic soda is used 
as a precipitant of the impurities, and the chlorine to produce acid. 

In purifying the electrolyte, a certain portion is withdrawn from the 
cycle of operation, and the caustic soda applied to it; 

RCI 2 -h 2NaOH = 2NaCl + R(OH) ^ 

in which R may represent any or all the base metals. 

In this way the base metals arc proedpitated and the sodium cliloride 
regenerated. The chlorine liberated by electrolysis of the salt is combined 
with sulphur dioxide, in the presence of water, or tiic solution, to form 
acid; 

201+ SO 2 +2H/) -2HC1 + ILSO,. 

In this way all the undesirable impurities are cdiinimited from the solu- 
tion, and a corresponding amount of acid sohition rc'giuieratod. 

In the purification of the electrolyte it is gcuKU'ally assunuid that a 
pure deposit of copper is necessary. If the inipuj'iticis in the electrolyte 
do not materially interfere with the cffici(vnc,y of tlie process it would 
be better to work with impure solutions even though an impure coppcir 
is deposited. There is no reason why the piuity of tli6 deposited copper 
should be a matter for serious consideration. 

The relative efficiency of the pro(‘,osB, due to imptirities in the electro- 
lyte is more serious than the relative purity of the <;opper. Somc^ ele- 
ments cause serious loss of offi(dcn(;y if pr(‘S(uit in certain (combinations, 
while in other combinations the loss cannot be considered of nnudi 
consequence. Ferric salts, for exaixi])lc in tlie ehcctrolytcc, may (cause a 
serious loss of efficiency, while herrous salts arc^ comparativedy harinl('ss. 
And this applies generally to the (dements whicli have dilRcrent val<mci(cs 
for different combinations, and whicdi are capable of oxidation and 
reduction in the electrolyte due to cd(cctr()lyHis. 

Depolarizers. — V arious depolarizers have hexm suggested in connection 
with the electrodeposition of c()px)cr; among the most important is sul- 
phur dioxide. The use of rc^ducing gases, and particularly sulpluir 
dioxide, for the depolarization of insoluble anodes in the deposition of 
copper, was described as long ago m 1878 by Cobly. Later Imckow 
used sulphur dioxide in the electrolysis of zinc solutions, and its applica- 
tion in more recent years has been quite common and well understood. 
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If cupric sulphate is electrolyzed: 

CuSO 4 + electric current = Cu + SO 4 . 

The resulting products are copper at the cathode and sulphion at the 
anode. The liberation of the SO 4 at the anode immediately results in a 
secondary reaction, 

S04 + H,0 = H3S04 + 0 

whereby water combines with the sulphion to form sulphuric acid, while 
oxygen is released. If, however, sulphur dioxide is in the anode solution, 
the SO 4 and SO 2 combine, with water, to form two atoms of sulphuric 
acid, 

S04-fS02 + 2I*l20 = 2H2S04 

and, theoretically, no oxygen is released. This reaction develops a 
certain electromotive force at the anode, in the same direction as the 
current, and thus reduces the necessary voltage in the decomposition of 
the copper. 

If sulphur dioxide is used in connection with chloride solutions, the 
electric current decomposes the copper chloride into copper and chlorine, 

2 CuCl + electric current = 2 Cu + 2 CL 

The chlorine combining with the water, 

2C1 + ILO =211 Cl + O + 10,800 calorics, 

to produce hydrochloric acid and release oxygen, and thus chlorine may 
become an oxidizing agemt. This reaction takes place very slowly, but 
the oxygen can immediately exert a further chemical action in the 
presence of sulphur dioxide, when a rapid decomposition of water takes 
place, 

2C1 + SO. + 2 rLp - IT, SO 4 + 2HC1 + 74,400 calories 

in which case the chlorine redeased at the anode is by secondary reaction, 
converted into sulphuric! and hydrochloric acids with the development of 
74,400 calories; which tends to reduce the voltage in the operation. 
Ordinarily, chlorine will l)e given off at the anode in the absence of sulphur 
dioxide, because the oxidizing action of chlorine is exceedingly slow; in 
the presence, of sulphur dioxide the amount of chlorine released will 
depend upon the current density. If the current density is sufficiently 
low to permit of the released chlorine coming in contact with the sulphur 
dioxide before cither can escape, no chlorine will appear, as such. 

Other reactions have been suggested in the decomposition of copper 
compounds, acting on the principle of depolarizers. In Body's process, 
ferrous chloride is converted into ferric chloride by the chlorine released 
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at the anode; in the Siemens-Halske process ferrous sulphate is recon- 
verted to the ferric sulphate in the deposition of the copper from a solu- 
tion of cupric and ferrous sulphates; and in the Hoepfner process, in 
which the copper is deposited from a cuprous chloride solution and a 
certain amount of the cuprous chloride converted back to the cupric 
chloride by the chlorine released at the anode. 

In all of these reactions, the electromotive force developed works in 
the direction of the current and thus reduces the necessary voltage. The 
approximation of the theoretical to that realized in pi'actice, depends on 
the conditions of operation, principally among these conditions is the 
current density. If the current density is so low as to permit all of the 
anode gases to combine with the depolarizer, the theoretical efficiency 
may be quite closely realized. 

Rapid Deposition of Copper. — To rapidly deposit a metal from solution 
by the electric current, it is necessary that the metal ions be present in 
sufficient number at the cathode. If a comparatively high cathode density 
is used, the danger is that the electrolyte in proximity to the cathode 
becomes poor in the ions deposited, and other processes start, especially 
the development of hydrogen. To counter this teixdcn(‘,y, it is necessary 
to artificially bring fresh electrolyte to the cathode surface, as for instance, 
by stirring, or rotating the cathode. 

In an ordinaiy electrolyzer, if the electrolyte is not agitated or (lathode 
rotated, as soon as the current is switched oxi, copper is deposited on the 
cathode and a thin layer of electrolyte touching the cathode becomes in 
consequence impoverished in copper. Before more dcqxosition can take 
place this thin layer of exhausted electrolyte has to be rcmioved. If left 
to itself, removal and changing will take place ciuite slowly, neverthclcBs 
it will be fast enough to supply sufficient copper ions to the catliodo if 
the current density is correspondingly small. No loss of cflndency would 
therefore result. If, however, the current bo greater than the correspond- 
ing removal of the impoverished electrolyte from the caithode, the current 
will sieze upon the next available material in the electrolyte, and the 
result will be a corresponding loss of efficierujy and impure and rough 
copper deposited, To prevent this action from taking place it is neces- 
sary to remove the film of exhausted electrolyte as rapidly as it is formed, 
either by violent circulation of the electrolyte, friction, or rotating cath- 
ode. Consequently the process which most effectually removes the 
impoverished electrolyte from the cathode, and whitdi at the same time 
will give the most uniform distribution of current and the most uniform 
strength of electrolyte over the whole surface of the cathode, should be 
the one to produce the highest efficiency, the best deposits of copper, and 
allow of the highest current density. 

Various methods are employed to accomplish these results. One \ 
generally used, is to place the electrolyzers in cascade series, that is to 
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say, In which there is a slight difference in level between one electrolyzer 
and the one next to it, so that the electrolyte pumped into a tank above 
the highest electrolyzer is fed into it, and gradually flows through the 
entire series and finally issues from the lowest in the series and is again 
pumped back to the tank, or to the leaching vats. The rapidity of the 
circulation is governed by the difference in level between any two tanks 
and the slant of the tank itself. If the tank has not sufficient slant, the 
electrolyte will overflow if the circulation is at all rapid. 



0 

Tig. 54. — Coffin revolving cathode apparatus. 


Another method of accomplishing the same purpose is to force air into 
the tank and electrolyte while the electrolysis is in progress. Care 
should be used if the electrolyte is agitated with air, that the agitation is 
quite uniform, in all parts of the electrolyzer. Sometimes stirrers, 
working reciprocally between the electrodes are used to better advantage 
than air, and the agitation is likely to be more uniform. The electrolyte, 
impinging against the cathodes in jets has given good results, but is now 
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Fig. do. — Hoepfner revolving cathode apparatus. Plan. 
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nowhere used. A rotating cathode gives excellent results, but a very 
different type of cell is required than when any of the other methods are 
employed. If diaphrams must be used, a rotating cathode may offer 
some constructional difficulties, which, however, need not be insur- 
mountable. Fig. 54 shows one form of revolving cathode apparatus 
devised by Coffin^ in which A is the electrolyzer, lined, preferably, with 
sheet lead, B is a post or pedestal secured in the center of the tank and 
surmounted by a metallic head Z), or socket, E is the cathode cylinder, 
and 0 the anodes. Figs. 55 and 55a represent another form of apparatus 

devised by Hoepfner^ in which d indi- 
cates the carbon anodes, D the dia- 
phragms, and a the cathodes, revolving 
on a horizontal shaft c. In addition 
to the revolving cathode, brushes are 
sometimes used and adjusted so as to 
cause friction on the deposited cathode 
material. Cowper-Coles found that 
copper possessing the advantages of 
hard rolled copper of high tensile 
strength and free from porosity can be 
deposited to any thickness desired at 
a rapid rate by revolving the cathode 
at a peripheral speed of from 1500 to 2000 ft. per minute when employ- 
ing current densities of 200 amperes per square foot of cathode surface 
and an elec^trolytc containing 12.5 per cent, of copper sulphate and 13 
per cent, of sulphuric acid at a temperature of 40^ C.^ 

In exi>erimental work in the laboratory of applied chemistry at the 
University of Wisconsin^ it was observed that the critical current density, 
tixat is to say the current density at which powdery deposit occurs, is 
approximately pro|)ortional to the speed of rotation, or better, to the 
linear feet per minute, as tlie cathode speed depends upon the speed of 
rotation and tlic diameter of the revolving cathode. 

Betts** uses anodes preferably in the form of rods, and gives to them 
a reciprocating motion in a direction perpendicular to their length, 
whereby the layer of electrolyte touching the anode is rapidly changed. 
In electrolyzing a solution of ferrous and cupric sulphates, with a dia- 
phragm, depositing copper on a cathode, and converting ferrous to ferric 
sulphate at the anode, and with a circulation of electrolyte that was pre- 
viously considered amply sufficient, the electromotive force required to 
work the cell was considerably reduced, the evolution of gas at the 

^ U. S. Pat. 415,024, Nov. 12, 1889. 

2 U. S. Pat. 698,180, Feb. 1, 1898. 

®U. S. Patent 895,163, Aug. 4, 1908. 

* J. G. Zimmerman, N. Y. Meeting Electrochemical Society, 1904. 

IL S. Pat. 803.543 Nov. 7, 1905. 



Fkj. 55a. — Hoepfner revolving cathode 
apparatus Section. 
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anode was entirely stopped, and the current efficiency raised from about 
50 per cent, to 100 per cent, on giving the anodes a reciprocating motion 
of about one hundred complete cycles per minute, with an amplitude of 
about 1 in. 

ELECTROLYTIC SULPHATE PROCESSES 

The electrolytic sulphate processes may be divided into two general 
classes, based on the solvent, as. 

Sulphuric Acid, 

Ferric Sulphate, 

but it is evident that neither of these processes can be carried out to the 
exclusion of the other. All solutions resulting from leaching roasted or 
oxidized ores will have more or less iron sulphate either in the ferric or 
ferrous condition, and the utility of a neutral solution of ferric sulphate, 
as compared with an acid solution, is questionable. Sulphuric acid is an 
energetic solvent of copper from roasted or oxidized ores, and is to be 
generally preferred. On certain chalcocite ores ferric sulphate has given 
good results without roasting. 

In a copper sulphate solution containing ferrous sulphate, both 
sulphuric acid and ferric sulphate may be regenerated during electrolysis, 
and to the formation of ferric sulphate much of the difliculties in the elec- 
trolysis of impure copper sulphate solutions may l)e attrilmted. If a solu- 
tion of copper sulphate, as for examjde that derived from huudiing (jopper 
ores, is electrolyzed without a diaphragm, then in addition to the reaction; 

CuSO 4 + H^O + Electric Current = C u + H ,SO , + 0, 
there may also take place, 

CuSO 4 + 2FeSO 4 + hlloctriij Currcnit = Cu + Fog (SO 4) 3, 

3FeSO 4 + Electric Current == Fe + Fe.^ (SO 4) 3. 

The ferric sulphate, finding its way back to the cathode, and under the 
influence of the current, gives rise to I’eversililo reactions, thus: 

Fe 2 (S 04 ) 3 +Cu = 2 FeS 04 +CuS 04 , 

Fe,(S 04 )a+Fc =3 FcS04, 

thus nullifying the previous reactions, and resulting in a loss of effi- 
ciency. This loss will depend largely on the amount of iron in the solu- 
tion. If the iron is excessive, the copper may be dissolved as rapidly as 
precipitated, and the sum total of the energy expended will be nil, so 
far as any useful effect is concerned. 

If a suitable diaphragm is interposed between the electrodes, then 
both sulphuric acid and ferric sulphate are regenerated, but the deleterious 
reactions at the cathode are avoided, and the current efficiency may 
very closely approximate the theoretical, but the energy efficiency will 
be governed somewhat by the resistance of the diaphragm. The relative 
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amounts of sulphuric acid and ferric sulphate regenerated at the anode, 
will depend mostly on the relative proportions in the solution. If the 
ferrous sulphate is highly concentrated then ferric sulphate will be 
largely regenerated, and the process becomes one in which ferric sulphate 
is used as the lixiviant and in which the resulting ferrous sulphate is re- 
generated to the ferric sulphate. 

Sulphuric Acid Process. — The simidest form of the electrolytic sul- 
phate process is when sulphuric acid is used as the initial solvent to 
extract the copper from its ores and the sulphate solution thus obtained 
electrolyzed to deposit the copper and again liberate the combined acid. 
Copper in its sulphide coml)inations is not soluble in sulphuric acid; it is 
therefore necessary to roast tlie ore if a sulphide before the solution of 
the copper can be effected. After roasting, the copper will usually be in 
the form of oxide or suli)iuitc, depending upon the nature of the roast. 
In any event, the sulphuric acid may be regarded as acting on the oxide 
of copper: 

CuO -h IL>8(), = Cu80, -f H,0. 

The copper s\il])hate so produc(‘d, in addition to that soluble in the 
ore, is then electrolyz(M.l: 

CiaSO^ 4“ lClectri(^ current = Cu -f SO^. 

SO^-f IL 0 -] 1 ,S 04 + 0. 

The current deeoniposes the co|)per sulphate, depositing the copper on 
the cathodes, and the acid radical is liberated at the anode. The acid 
radic-al, (unnbining with water, is converted into an equivalent amount 
of sulphuric*, a<‘id to that from whicT the copper was deposited, and oxygen 
makes its appearance at tlu* anode as a r(\sult of tlie secondary reaction. 
For every pound of (u)])per deposited 1.54 11). of acid is regenerated. 

If there were; nothing to considcu’ but the solution of the copper from 
the ore with sulphuric acid, and the electrolytic decomposition of the 
resulting (50j)per vsuljxhatci solution into metallic copper and the acid 
radi(*.al, this would be a perhnd, })rocess, re(|uiring nothing more than the 
expenditure of a (*.ertain amount of energy to carry it on indefinitely. 
The difii(nilti(‘s, howev(u-, in practically cai-rying out this simple process 
are considerable. 

Mnich of the add consumed in treating copper ores reacts with the 
base elements, and hence thcu'c is not sufficient acid regenerated to treat 
the next charges of ore; so that the dcificiency has to be made up in some 
other way. The difficulty, tliendore, of the solution of the copper is 
only partially solved, n(*vertlu4ess it is a great step in advance of iron 
precipitation, where all the aend is irrecoverably lost. If the ore is a 
sulphide, ancl has to be roasted, some of this difficulty may be overcome 
by roasting as much of the copper as possible to sulphate rather than to 
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by the action of sulphuric acid on copper oxide, so that while less acid is 
used in dissolving the copper from the ore more acid is regenerated in 
the electrolysis by the amount of copper soluble in the ore as sulphate. 
The deficiency may also be supplied by installing a small acid works 
in connection with the other metallurgical operations, or it may be pur- 
chased from acid manufacturers, but both of these methods add con- 
siderable to the expense, and hence do not ingeniously solve the difficulty. 
Further, the impurities in the ore, which cause an irrecoverable loss 
of acid, also contaminate the electrolyte, and cause difficulty in the 
electrolysis. 

No really satisfactory anode for sulphate solutions has yet been 
discovered. Lead is oixlinaiily used for the insoluble anode in depositing 
copper from sulphate solutions, and while lead makes the best anode for 
sulphate solutions, it is far from being satisfactory. In depositing 
copper from sulpliato solutions, oxygen is released at the anode; this 
oxygen is not entirt^ly harmk^ss, but attacks the lead and converts it 
into the peroxide, PbOo. The pcu'oxide, in addition to destroying the 
anode, offers considera-blc rcnsistanc.o to the electric current, and thus 
necessitates an excessive consum])ti()n of power. 

In a very careful test niachi by Thomas F. Hughes, in Denver, to 
determine the peroxidai.ion of antimonial huid anodes in electrolyzing 
copper sulphate solution produc.(‘d by leaching Arizona carbonate ore, 
the following rc'sults were rcM!ord(xl: 


Duration of 
Cof)pcr d(iposii(Ml, 
Average current, 
Anode arc^a, 

Cathode area, 

Current dcui.sity, 
Average voltages, 
Watts, 

Kilowatt-hourH, 

Copp(‘r per k. w.~hour, 


75.78 hours. 

(» . 5G 11). 

30 , 0 amperes. 

3 . 5 Kcp ft. 

3 . 5 sq. ft. 

8 . 5 amperes per square foot. 
2.0 volts. 

(>().() 

^.547 
1.4 lb. 


There were 15 slnnh, coppeu' cathodes, and 14 antimonial lead anodes, 
each 0X6 in. The ano(l(‘s incnuised 14 oz. in weiglit. There was a 
black coating of j)croxid(^ of lead on the anodes, which could easily l)o 
scraped off. The increascHl weight of the anodes was evidently due to 
the oxygen c()ml)ined with the I(uid to form the peroxide. As 80,0 per 
cent, of peroxide of lead is lead, and 13.4 por cent, oxygen, it follows that 
5.6 lb. of lead was peroxidizcul in dej)ositiug 6,56 lb. of copper; or for 
every pound of cojiper de|)ositcd, 0.85 lb. of kuul was peroxidized. The 
peroxide of lead, unless (‘losely watched, is likely to drop to the bottom 
of the electrolyzer and short circuit the current. In this experiment 
the current was not operating continuously; it was turned on in the 
morning and shut down in the evening. 
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In experiments made by Grcenawalt to get more information on the 
rate of oxidation of lead anodes, one test of 1000 ampere-hours, continu- 
ous run, with a current density of 20 amperes per square foot resulted 
in depositing 37 oz. of copper and in producing 14 oz. of lead peroxide. 
Another run of 500 ampere-hours was made in which 20 oz. of copper 
was deposited and 3 oz. of peroxide recovered. While still another run 
of 1458 ampere-hours, with a higher current density produced 60 oz. of 
copper and only 3 1/4 oz. of peroxide of lead. 

There is no difficulty in collecting the peroxide and again reducing it to 
metallic lead to be reused for anodes, but it necessitates an extra expense 
in the operation of a plant which, however, is largely compensated for by 
the fact that with the exception of a small loss in reduction there is no 
cost for material for replacements. 

The suggestion naturally occurs that if the peroxide of lead is the 
ultimate product of the lead anode, why not make an anode of peroxide, 
and thus overcome entirely the difficulties due to oxidation? This has 
been tried repeatedly, and Hughes tried it in various ways, but the 
resistance to the ehictric current, even with a good conducting skeleton, 
was so liigh as to put it I)(‘yond further consideration. 

If sulphur dioxide is used as a depolarizer in the electrolysis of copper 
sulj>hate solutions, then, theoretically, twice the amount of acid com- 
bined with the copper is regenerated: 

SO 4 + SO. + 211^0 =2112804 + 21,320 calories, 

but it is difficult to carry this out in practice, for the reason that the 
sulphur dioxide and the acid radical, at the moment of liberation, cannot 
be brought into sufficiently intimate contact to make it effective, espe- 
(ually if a reasonably large current density is used. 

If sulphur dioxide is used as a depolarizer, some of the lead in the 
anode will l)e conveu-ted into the sul])hate, but the action of the forma- 
tion of sulphate of huul is very mu(*Ii slower tlian in the ordinary elec- 
trolysis where the lead is converted into the peroxide. The lead sulphate, 
however, is more difficult to reconvert back into metallic lead than 
the oxide. 

The energy rctiiiired to decompose an aqueous solution of copper 
sulphate is theoretically, 1.22 volts. In practice it will usually vary 
between 1.5 and 3 volts, depending principally upon the current density 
used. The theoretical output of copper is therefore, 38.35 lb. per h. p.- 
day, or 51.43 lb, per k. w.-day, of 24 hours. If a depolarizer is used, such 
for example as sulphur dioxide, then the acid radical combining with 
the sulphur dioxide to form sulphuric acid, will develop an electromotive 
force working with the current, and thus reduce the theoretical voltage, 
b\it the amount of this reduction is limited largely by the current density 
employed, and the completeness with which the two substances are 
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brought iu (‘Oiitii(*t with one uiiotlior jit the nionicnt the iicid rtidicul is 
released at the anodes d ossizza^ ascertained by expciiment that the 
transformation ol the sul])hur dioxide into sulphuric acid at the anode 
gives rise to an electi’oniotive forc-e wliicli diminishes the necessary volt- 
age and lowers it to 0.2 volt. 

While the theoretical voltage gives much desirable information, it is 
always best, indeed necessary, to get the voltage by direct experiment 
because there are so many factors which occur in practice that do not 
occur, and cannot be taken into account in tlie theoretical determina- 
tions. The practical voltage, once determined, is always constant, and 
is independent of the magnitude of the operation. This is a factor which 
can be just about as ac-cui*at(‘ly determined on a small scale, on a labo- 
ratory basis, as in a larger working plant. Similarly, the amount of copper 
deposited from a certain (dec,trolyte, on a small scale under the conditions 
obtaining in prac.tice, will always be (M>nstant, no matter what the scale 
of operations may be. For this reason, the factor of efficiency, and of 
voltage, can be (pute acanirately determined beforehand for any par- 
ticular process and mad() the basis of calculations of a large plant of any 
sized unit. 

For sulphate solutions, in pra(‘tice, with a current density of 5 to 10 
amperes per s(iuare foot, the voltages will usually be found to vary from 
1.5 to 2.5 volts. The ]>ractic.al (‘iKU’gy efficiency can only be determined 
by weighing the co|)p(‘r d(‘posit(nI in a certain definite time, under an 
observed voltages and curixMit. It will Ixi found, in making such tests, 
that frequently the n'sults will Ixi far from the theoretical, and that the 
temperature, purity of the (‘l(‘c.trolyt(^, and current density have much 
to do with the efhtucincy. The Ix^st that can be done in practice is to 
approach the th<x)r(‘ti(nd (dlicicmcy although it does not follow that 
the most efficient ])rocess in tlu^ electi’ol^^sis is the most economical in 
operation. 

Electrolytic Extraction of Copper From Ore at Medzianka, Poland. — 

At Medzianka, a eopfxn* mining loe.ality in Ilussian Poland, about 50 
miles from Cacrow, and MO mil(\s (^ast of llrcslau, explorations by the 
Laszczynski hrotluu’s, led to tlu^ disitovery of ore bearing limestone, 
about 1 1/4 mil(\s long and 150 ft. wide, contiiining copper ore inter- 
spersed in strips 1 /2 in. thick, with (talc spar and some quartz. The 
mineral is almost entir(‘ly (to])p('r glance, but mixed with it is a little 
azurite and malachit(‘. 

The produce of the mine has Ixhui divided into ore with 50 per cent, of 
copper which is separatcxl unden-ground, and mixed ore with 16 to 20 
per cent, copper containing (tahtitet and picutes of limestone, which is 
improved by hand })ic.king, at the surface. The ore as brought from the 


'TJ. S. Pat. 710,34:(), Sept. 30, 1902, 
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mine is crushed in rolls, mixed with 5 per cent, of damp brick earth and 
moulded into blocks, which when dried by the waste heat of the furnace 
are subjected to a partial roasting in a kiln fired from the outside' 
with free access of air, which converts the copper into sulphate and 
oxide. 

Tlie roasted blocks are then crushed fine and leached in lead lined 
wooden tanks, with the electrolyzed solution from the electrolytic cells 
containing about 5 per cent, of free sulphuric acid. A liquor containing 
about 5 per cent, of copper and 1 per cent, free sulphuric acid is obtained. 
This solution is passed through a filter press, to thoroughly clarify it, 
and then electrolyzed in tanks of about 35 cu. ft. capacity. Insoluble 
anodes of lead plates enclosed in cloth bags, and thin copper cathodes 
are used. A current of 1000 amperes at 2.5 volts, corresponding to a 
current density of about one ampere per square decimeter of cathode 
surfa(‘e (10 amperes per square foot) is used, producing metallic copper 
free from sul])huric acid or ox^^gen. The deposited copper, about 1.1 
grm. per ampere-hour, is nearly equal to the theoretical amount. The 
power consumed per kilogram of copper is 2.28 k. w.-hours or 3 1/2 h. p. 
(1.3 k. w.-hours or l.G h. p.-hours per pound of copper). Between the 
anodes and cathodc^s there are woodc^n stirrers, Avhich agitate the solution 
during the entii*e electrolyt.ic^ proc(‘ss. The liciuor is exhausted in from 
3(> to 40 hours, and then again containing about 1 per cent, copper, and 
from 1 to 7 ])er c(mt. free acid, is a])pli(^d to a fresh lot of ore. The 
cathodes remain in the l)ath for about a month, when the deposit, from 
1 to 1 1 /4 in. thi(4c, is nmiuved and sold. It is of greater purity than the 
ordinary el(a;trolytically refiiual copper. Tlie four baths used in the 
prot^ess are scu’ved l)y a Siemens dynamo of lOOO amperes at 12 volts. 
The daily output of co|)pcr is from 225 to 500 11). The entire process is 
su|)ervised by one man in tlic mill without any other trained assistance. 

A vit.al i)oint in the suc(‘(?ss of the process is in the employment of 
closely fitted l)ags or (‘nvelop(\s of thi(4v c,otton duck for the lead anodes. 
The bags, soak(‘d with Hul])lnu*ic acid, exclude the iron salts and thus 
overcome much of the difficulty from that source. Its function is about 
the same as a diaphragm. These cotton biigs are renewed about once a 
year. 

The Laszeynski proc^ess, used at Medzianka, Russia, is described by 
the inventor as follow's d 

a solution of sulidiate of iron, FeS 04 , is electrolyzed, at the cathode the 
bivalent ferro-ion is metallically depo.sited at the same time the said cathion 
comes in contact with the insoluble anode, there being no diaphragm, and is there 
oxidized into trivalent ferri-ion. The latter, however, before it is deposited as 
metallic iron has to be reduced at the cathode to ferro-ion. In this manner 
there is soon set up a state of equilibrium in which the same quantity of ferro- 

*U. S. Pat. No. 757,817, April 1, 19, 1904. 
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ions are reduced at the cathode as are produced at the anode. The chemical 
action of the current, therefore, is 7iilT 

'^In the present process the detrimental side action is avoided by wrapping 
around the insoluble anode a cover or envelope of })orous fabric. The wrapping 
being permeable, there is before closing the circuit no difference between the 
chemical composition of the anode and cathode bath. As soon as the current 
is turned on, however, a layer of pure sulphuric acid will form around the 
anode, since there the SO 4 ions are discharged. Conse(iuently new sulphuric 
acid is generated which can only drain off into ,tlm close-fitting envelope, dis- 
placing in this manner the solution of iron sulphate, so that in a short time 
a second process takes place similar to the one described. Since the ferro-ions 
and the ferri-ions are cathions, they travel at the closing of the circaiit from 
the anode to cathode. The envelope around the anode forms a layer of (luiet 
liquid, no matter if the electrolyte is in circulation, so that the traveling of the 
cathions can take place without being dis- 
turbed. The result of the two ac-tions is 
that no ferro-ions can be oxidized, siru^c 
none come in contact with the anode.'^ 

“Referring to the drawing, Fig. 50, in 
the application of the process to coj)])er 
ores, a is the electrolytic cell, j)refcrably 
made of wood and tightened with as|)haltum 
or the like, h rei)reseMts the copper sheet 
cathodes, and c represents the anode whic,li 
consists of refined lead and is provided with an envclojie of thick cotton stuff; 
for example, fustian.'^ 

All copper ores without exception contain iron, whic-h when treated with 
sulphuric acid dissolves, togctlicr with the (topper. By the elec.trolysis the iron 
is oxidized at the anode to ferric sulphate, which salt dissolves the copper 
deposited on the cathode ciiual to the ac.tion of dilute nitric acid: 

Cii + Fe^ (80 J 3 - CuSO^ + 2FcS0,. 

In this way the amount of ciopper deposited is not only reducjed to one-half or 
even less, but also a lirittle and inferior metal is ol)tain(Ml. 

“The present invention now })rovent.s the oxidation of the iron salts and 
makes possible the direcd; electrolysis of (iopper baths (containing iron, even if 
they contain twice as much iron as (iopjxu*, with a usi^ful (itfcc.t differing but 
slightly from the theoretical, l) 0 c,ause the iron nnnaining in the state of 
wholly inoffensive ferrous sulphate, FeSOi, there is no corroding aedion of 
any kind.'’ 

The Laszeynski process for clcctrolytically obtaining metals, especially 
copper and zinc, out of the ores l)y lucjans of insolulile anodes, consists in 
tightly wrapping the insoluble anode in a porous and perfectly permeable 
envelope, of fabric or other material, the thickness of which is in inverse 
proportion to the applied density of current, for the purpose of preventing 
anodic oxidation of the cathions. 
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Plant of the Intercolonial Copper Co.,N. S. Canada. — The plant of the 
Intercolonial Copper Co., in N. S. Canada, was designed by Henry Car- 
inicdiael, and according to Johnson* this jdant for some time produced 
one ton of electrolytic copper daily, which was sold to brass founders 
as equal to the Irest brands of electrolytic copper. 

The copper in the ore varied from 2 to 4 per cent. The very small 
values in the precious metals were lo.st. The ore was crushed to 20 
mesh, which was fed by screw . conveyors into a battery of 15 revolving 
roasters. These consisted of long tubes of cast iron passing through a 
firebrick muffle, heated l)y a flame from the fire-box. The first part of 
the roaster was a In-ick lined drum. All revolved, and the ore was first 
])artially dcsulphurizcnl in Inlck lined drums. It was then passed to the 
iron tube, wlu're it was dead roasted. The lime was sulphated and the 
iron was changed to the ferric, state. The roasted ore from the revolv- 
ing drums was cai-riod l>y a chain conveyor directly to lead lined vats 
of 2()-tons capacity. The roasters had a capacity of 2 to 3 tons each 
p(‘r day. 

The hot ore falling from the conveyors dropped into a 5 per cent, solu- 
tion of sulphuric acid. The solution of the copper took place rapidly. 
The solution from t he huiclicd ore contained 2.5 per cent, copper and 
considerable free; a<'id, which was drawn into a storage vat. The tailings 
assayed Ic^.sh than 0.10 per cent. cop])er. 

The solution, as drawn from tlu; ore and pumped to a storage tank, 
was impregnated with svdphur.<lio.xide gas, made by burning brimstone 
in an iron pot under blast. The cop|)er solution in the storage tank, 
impregnated until suljihur dioxide, was then flowed into electrolyzers, 
which wm-e arranged in cascade sm-ies so that the solution could flow 
from one to the other. Sulphur dio.xidc was also blown through the 
electrolyte in the deef rolyzers by imuuis of perforated hard rubber tubes, 
which in addition to sujiplying the neces.sary sulphur dioxide, agitated 
the electrolyte', and thus gave the desired circulation. 

The sulphur dioxide protected the lead anodes from peroxidation. 
The anodes were gradually couviTted into lead sulphate, but the sul- 
phatization was much slower than the peroxidation which would have 
occurred without the introduction of the sulphur dioxide. 

Large quantities of sulphuric acid were regenerated by the use of 
sulphur dioxide. The suliihur dioxide also acted as a depolarizer, thus 
reducing the necessary voltage, and consequently the amount of power, 
in the electrodeposition. 

The copper was precipitated at the Intercolonial plant at 1.5 volts, 
with a current density of G amperes per square foot, and electrodes about 
11/2 in. apart. The current efficiency was about 90 per cent. The 


^ ETedrockemicdl Industry, April, 1903. 
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cathodes were greased and graphitized. The electrolysis was conducted 
until the copper contents was reduced from 2.5 to 1 per cent. The 
electrolyzed solution, regenerated in. acid by the secondary anode reac- 
tions, and still containing 1 per cent, copper, was returned to the leaching 
vats, and the cycle continued indefinitely. 

Keith Process. — In the Keith process the electrode area is increased 
in the different cells, as the electrolyte becomes irnprovished in the 
metal being deposited. The electrodes of eacli cell are in multiple in 



Fig. 57. — Keith proeesH. Tanks arrangcul so tiiat is a gradual reduction of 

current density, as the electrolyte becomes iinpovtuished in copper. 


the cell, but in series in their ndation to all other cells. The strength 
of current is the same in all the cells. 

It is evident that a solvent, strong in the nudud being deposited, 
entering the first cell, will admit of a greater curremt density in producing 
reguline metal on the cathodes, than will the weaker electrolyte entering 
the succeeding cells in the series. The deposition of metal in each cell 
of the series impoverishes the electrolyte which enters the succeeding 
cell, and therefore the current density, must be correspondingly 
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less in order to insure a reguline deposit of copper. To effect this Keith 
increases the number of electrodes, or the surface area of the electrodes 
in a progressive order in each succeeding cell from the first to the last of 
the seines so that the current density will be approximately proportional 
to the strength of the solution in the metals being deposited. Fig. 57. 

Keith Process at Arlington, New Jersey.^ — The ore, containing the 
copper as chalcocite, malachite, azurite, and cuprite, was crushed to 
30 mesh, and roasted in a mechanical furnace with a hearth 200 ft. long 
by 10 ft. wide and fired by coal in seven fireplaces arranged along its sides. 
The capacity of the furnace was about 125 tons per day. 

From the roasting furnace the ore was conveyed to four leaching vats 
30 ft. in diameter and G ft. deep, holding from 125 to 150 tons of the 
roasted ore. In the bottom of each tank there was a filter bed of coarsely 
crushed rock, covered with canvas, wdiicli wuxs caulked tightly around the 
edges, and around the outlets through which the tailings were sluiced 
after the copper was extracted. 

From the center of the liottom of each tank, under the filter bed, a 
pipe with a stop cock served through wdiicli to drawoff the solvent to the 
electrolyte cells. The first solvent, consisting of sulphuric acid and largely 
of fei-ric sulphate, took up nearly all the copper and run out as cupric 
sulphate, and decreased in amount as the ore became improvislied 
and the extraction completed. The tanks w'ere then sluiced out and 
nuduirged. 

The deposition vats were rectangular boxes of wood with a suitable 
lining. They were arrangf^i so that the electrolyte flowed from No. 1 
through the s(vric\s and finally out of No. 128, depleted of its copper, into 
a large sump tank, from which is was pumped back into the stock tank 
for reuse. 

The deposition vats wc^re so s(‘t at different elevations above the floor 
building that the ele(d,roIyte run by gravity from one to the next, and so 
on through the seriexs to the end. The vats W(‘re arranged in six rows, 
and one of each row at gr(‘ater elevation than tlie end next to it of the 
preceding row, it was necc‘ssary to raises the cl(H‘.trolytc from one row to 
the next at those points. This was done by means of air lift pumps. 

The ele(d;rical connc^ctions were as follows: the electrodes in each vat 
were conneided in multi|)le, and the several vats of the electrodes con- 
nected in a scu'ies of 128. liut for the purpose of insuring a retrogressive 
decrease of current density at the electrodi^s of each vat, after the first of 
the series, the numl)er of (dcctrodes was progressively increased, from the 
first to the last of the series. The current was the same for each vat of 
the series, but the current density was less and less in decremental order 
from the first to the last of the scries, to compensate for the decrease 


^ Ameiican Inst. Electrical Eng., 1902 Meeting, S. N. Keith. 
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of copper in the electrolyte in its course through the vats. The current 
density was from 15 to 20 amperes per square foot of cathode area with 
a 6 per cent, copper solution, provided proper circulation and sufficiently 
rapid movement of the electrolyte was kept up between the anode and 
cathode surfaces. 

During the electrolysis there was a counter-electromotive force of l.G 
volts in each of the series. Tiie generator was operated at approximately 
249 volts, which gives, for 128 colls, 1.87 per cell. The voltage, per cell, 
required was 1.87—1.60 = 0.27 volt for resistance of conductors, etc. 

Primarily both the anodes and cathodes were of slieet lead, but under 
electrolytic action the anodes became coated witli PbO^ and tlie cathodes 
with copper. As soon as the copper deposit reached a tliickncss of card- 
board it was stripped off each lead cathode, which was then replacied in 
its cell, and the two copper sheets thus produced had connections rivited 
on them, and were then rehung as cathodes in some of the vats, where 
they remained a sufficient length of time to receive the desired 
thickness. 

The Siemens -Halske Process. — In this process the ore is finely ground 
and roasted at a moderate temperature in such a way that the iron is 
almost completely oxidized, while the co|)per is contained in the roasted 
material, partly as coppeu* sulpliate, and partly as copper oxide, but 
principally as cuprous sulphide, Cu.^S. It is stat(^d by the inventors tluit 
roasting is not necessary with all onis. The roastcid ore is then trcuitcul at 
a temperature of about C. (194° F.), with a solution of ferric sulphate, 
rei,(S 04 ) 3 , to which is added a little sulphuric a(ud. 

On dissolving the coppeu’, the hrrrio sulphate is rcducc^d to f(u*rous 
sulphate, the co|)per going into solution as cu])ric sulphate, ^'he solution 
of copper and ferrous su]phat(i is then led into the cathode compartment 
of an electrolytic (*.ell, and in whicdi the anodes and (uithodes are separat(‘.d 
by a pcrmealde diaphragm. Ihtrt of the copper is d(q)osited on tlu^ cath- 
ode, and the solution tlien circulates through the diaphragm to the anoden 
This consists of carbon rods. At the anode the fcirrous sulphate is r(M)xi- 
dized to the ferric sulphate, which is then again used to dissolve copjxvr 
from new cliarges of oro. 

The chemical reactions, whitdi take place during the electrolysis, and 
the leaching of the ore, are (vlearly shown by the following ccpiations: 

(1) xH,SO , f 2GuSO 4 + 4FeS() , 2Cu f- 2Fca (S( ) ,) ^ f xIT.SO^, 

in which the copper is ele(;trolyti(uilly precipitated, and the ferrous 
sulphate reconverted to the ferric sulphate, at tlie anode. The electro- 
lyzed and regenerated solution is then returned to the ore and the 
copper dissolved; 

(2) xH.,S 04 4- Cu^S + 2Fc.> (80^)3 = 2CuSO, + 4 FeS 04 + S +xH,SO,. 
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If tliere is cupric oxide in the ore, it ma}^ be acted upon either by the 
sulphuric acid or ferric sulphate; 

(3) CuO + H,SO, - CiuSO, -f H.O. 

(4) 3CuO = CuSO, -f Fe^Og. 

A comparison of equations 1 and 2 shows that if the copper in the 
ore is in the form of cuprous sul])hide, the electrolyte, after passing 
through the leaching vats, will contain exactly the same quantity of 
copper sulphate, ferrous sulphate, and free sulphuric acid as it did prior 
to electrolysis; and that it is, therefore, completely regenerated, and may 
be used again for tlie electrolytic decomposition. But if the copper is 
present in the ore partly as oxidcq it is evident from ec|uations 3 and 4 
that in this case tlu^ solution will be richer in copper, but poorer in 
respect of iron and suljduiric acid than it was before electrolysis. These 
equations do not take into account the possible reactions with base 
elements in tlui ore. 

If a solution <‘ontaining (nq)ric and ferrous sulphates is electrolyzed 
in the pr(‘senc(^ of sulj)huric acuM, copper is de])osited in preference to the 
iron. If th(‘ el(‘ctrolysis is performed without a diaphragm between the 
elcHitrodes, thc^ h'rrous sulphates is oxidized at the anode to ferric sulphate, 
and redu(‘(‘d again at the cathode to ferrous sulpluite. This represents 
a wastes of (UKU’gy, which ap|)ears as Inuit, and the electrolyte, as a solvent 
for c.o|)per, is not nuudi improved. F(*rric sulphate is a solvent of copper 
from its (hxide and sulphide combinations; ferrous sulphate is not; it is 
tlnncdore d(‘Hirabl(‘ to have as imudi as possible* of the iron in the solution 
in the f(‘rri(’. ca^ndition, Ixdon^ again applying it to the ore, and this is 
l)rought about by iutc*rposing dia])hragmH IxdAvcam the electrodes, and 
then passiiig the solution from cathcHle to the anode compartment, 
or by p(‘rmc*ating the sedution through the diaphragm from the cathode 
to the amale (‘ompartmemt. 

The scheme in the Hicmiens-llalske process, at first contemplated 
roastingthe ore containing iheco})p(»rHu!phid<‘H, at a low temperature, so as 
to oxidize the sulphide of iron which it eemtains, to ferric oxide, and to free 
ih(% cuprous sulphidi^ originally forming a constituent of copper pyrites 
in the ore. In the course* of the roasting some of the cuprous sulphide 
is convert(?d into siilphat^e, but this only advances the process by the 
amount of copjier sulphatizcxL 

Copper-iron sulj)hitl(q as o(*curring in nature in the ore, is not readily 
Boluldc in ferric sulphate so that an impraidicable long time is required 
to effect tlie solution of the copper, even witli exceedingly fine grinding, 
so that a commercial application of this method of leaching sulphide ores 
is not feasible under existing eonditioxis. It is impossible to perform 
the delicate roast necessary to release the copper sulphide and oxidize 
the iron sulphide. 
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Free copper sulphides and oxides react with ferric sulphate easily and 
quickly. The presence of a large quantity of ferrous sulphate in the 
ferric sulphate solution impairs the solution of the copper from cuprous 
sulphide by means of ferric sulphate. 

The method suggested in the Siemens-Halske process for roasting 
sulphide ore, so that the main quantity of the iron is transformed to 
oxide while the larger portion of the copper remains as cuprous sulphide, 
is quite impossible. Neither can satisfactory results be obtained by 
dead-roasting, for the reason that at the temperature required, basic 
silicates are formed by means of a combination of the copper oxide with 
the silicates of the gangue, and perhaps also salts of the type Fe 304 are 
formed by combination of the oxides of copper and iron; such salts are 
acted upon very slowly by ferric sulphate. Cuprous oxide is also formed 
by roasting at fairly high temperatures, and the cuprous oxide so formed 
is not readily soluble in a solution of ferric sulphate. 

There is* no difficulty in making the copper soluble by roasting at a 
low temperature. This temperature is about 450 to 480° C. The 
copper in the ore, at these temperatures, is largely converted into sulphate 
and some into oxide. There would appear to be no reason why the 
roasting should be attempted to be carried on as originally proposed by 
the inventors^ when it is more satisfactory and just as cheap to give the 
ore a thorough roast at a low heat. 



Fig. 58. — Horizontal diaphragm cell. Used in the Siemens-Halske process. 

Various difficulties were encountered in the practical operation of the 
Siemens-Halske process, principally among these, was the indifferent 
nature of the solvent and the inability to obtain suitable anodes and 
diaphragms. The anode difficulty has not yet been overcome, as this 
process, in common with all other sulphate processes is still laboring 
under the disadvantage of not being able to find a suitable insoluble 
anode. In the Siemens-Halske process, as experimentally carried out 
some years ago, carbon was used as the anode, but it was not at all 
satisfactory. 

In the later form of apparatus used in the electrolysis, the diaphragms 
and electrodes were placed horizontally, and constructed as shown in 
Fig. 58. The electrolyzer, E^ is divided horizontally into two compart- 
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iiieiits by iin asbestos diaphragm, D. In the upper compartment is the 
cathode C, and in the lower compartment the anode A. The cathode may 
l)e made of a thin sheet of copper and the anode of carbon or of sheet 
lead. The solution from the ore is introduced at K, and drawn off at Y, 
the rate of flow being adjusted, so that it passes slowly and continuously 
through the permeable diaphragm D, and is in contact with the electrodes 
successively for a sufficient time to allow the deposition of most of the 
copper in the upper compartment, and of the oxidation of the ferrous 
sulphate to ferric sulphate in the lower compartment. The electrolyzed 
solution as withdrawn from the anode compartment is returned to the 
ore. 



Fig. oO shows a comphdc^ ouMin(‘ plant for the Siemens-IIalske pro- 
c(‘ss. A. is storages tank for the solution to be electrolyzed. The 
solution pass(‘s throtigh t.he pipe B into the bath C, flows first into the 
cathodes division A:, and riicui through the filriu* into the anode division a, 
from which the (‘S(‘.ap(^ })ipc^ J) leads it to the pipe (A, which conducts it into 
the solution tank //. II(u*e it conies in contact with the ore to be leached, 
winch has been ground in the Ijall mill E. After the copper has been 
dissolved, tlie mixture of exhausted ore and liquor runs into the vacuum 
filter K. The solution aspirated thniugli the filter is again conveyed 
to the storages tank A l)y the pipe M, 

The theoretical voltage required in the Siemens-Halske process, to 
preedpitate the co])por and convert the corresponding amount of ferrous 
sulphate to ferric sulphate is 0.3(5 volt. The inventors considered that 
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0.7 volt would give a current density of the required strength for practical 
operations. In the experimental tests it varied from 0.75 to 1.8 volts. 
The process is nowhere now in practical use. 

M. DeKay Thompson Jr.’s Experiments on the Siemens -Halske 

Process. 

Interesting experiments on the Siemens-Halske process were made 
by M. DeKay Thompson Jr.^ to determine the solvent action of ferric 
sulphate on copper compounds likely to occur in raw or roasted ore, and 
also to determine the efficiency of the electrolytic precipitation. His con- 
clusions may be summarized as follows: 

Cupric Oxide, CuO. — 1. The investigation of the action of ferric sul- 
phate on cupric oxide leads to the conclusion that the reaction between 
the two is probably represented by the equation: 

3CuO +Fe2(S04)3 =3CuSO, +Fe.03, 

when the two are present in equivalent quantities. When this is not the 
case, basic salts are formed to a considerable extent. 

2. Copper sulphate is precipitated by copper oxide. When the 
amount of oxide is equivalent to the amount of copper in tlic solution, 
the precipitation is only partial; in the presence of a large excess of copper 
oxide it is complete. 

3. A metathesis takes place between copper oxide and ferrous sul- 
phate, analogous to that with ferric sulphate. Ferrous oxide and copper 
sulphate are the resulting products. 

4. Under certain conditions all iron and copper salts could be thrown 
out of solution. 

Cuprous Oxide, CU2O. — 1. The results of the experiments with cuprous 
oxide are: 

1. Cuprous oxide reduccB ferric sulphate to ferrous sulphate a(Jcording 
to the equation, 

CU3O +Fc,(SO,) 3 -f H3SO, = 2CuS(), + 2FeS04 + 

and both ferrous and ferric iron is precipitated. 

2. Cupric sulphate does not act on cuprous oxide. 

3. Ferrous sulphate does not act on cuprous oxide. 

Cuprous Sulphide, CugS.— The results of the experiments with cuprous 
sulphide showed: 

1. The verification of the equation, 

Cu^S 4- 2Fe2(S04) 3 = 2CuSO, + 4FeS(), + S. 

2. The FeSO^ formed has no effect on cuprous sulphide. 

3. The CuSO^ formed has no effect on cuprous sulphide. 

1 Electrochemical Industry, June, 1904. 
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4. Sulphuric acid dissolves cuprous sulphide in the presence of 
oxygen very slowly. The presence or absence of sulphuric acid in the 
solvent is therefore of very little consequence as far as the CugS is 
concerned. 

Cupric Sulphide^ CuS. — The following seems to be the simplest reac- 
tion that can take place between copper sulphide and ferric sulphate: 

CuS + Fe^ (SO 4 ) 3 = CuSO ^ + 2FeSO , + S. 

In the tests some sulphur was set free, but the amount of copper dis- 
solved was in excess of that called for by the above equation. This 
excess was evidently due to the oxidation of the copper sulphide to 
sulphate. To show this, tests were then made with sulphuric acid of 
1.2 sp. gr., with a 1.15 per cent, solution of cupric sulphate, and with a 
0.55 per cent, solution of ferrous sulphate. In all cases about the same 
amount of copper was dissolved, wdiich shows that it was due to the 
oxygen present. Copper sulphide is therefore not dissolved by any of 
these reagents. 

Many copper ores contain iron, which is changed over to oxide on 
roasting. The reaction that takes place between ferric oxide and 
ferric sulphate is to precipitate iron from the solution as a basic salt. 

h]xperiments were then made with a copper ore having the following 
analysis: 


Cu, 

29 . 99 per cent. 

F(>, 

27 . 89 per cent. 

S. 

33 . 32 per cent. 

SiO„ 

9.75 per cent. 


100.95 per cent. 


The composition of the miru^ral in this ore corresponds closely to that of 
coppeu' pyrites. 

The first expcn'imcmt showed that tlu^ ore was scarcely attacked by 
a 5 per cemt. solution of huric suli)liat(i. Tlie powdered ore, crushed to 
80 mcsli, was then roast.CMi for several hours. After roasting it was found 
to cont.ain 28.8 pen' (amt. (‘ 0 ]>p(m, and 18.9 per cemt. sulphur, and the iron 
was (‘omputed to be 27.0 per cent. Home of the iron and copper was 
oxidized, so that 7.0 per cent, of the ore was copper sulphate, and 2.3 
per cent, iron sulphate. Solution tests showed that not much more than 
75 per cent, of tlu^ (topper in this roasted ore could be dissolved from this 
sample with a htrric sulphate solution containing 2.833 grm. of iron in 
50 c.c. of solution. 

A second set of experiments were made with a smaller amount of the 
ore, and the same volume of solvent. In this case a little more copper 
was dissolved. These results confirmed those previously obtained. 
Experiments were then made to see if more of the copper could be dis- 
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solved out of the ore already treated by using fresh portions of the solvent. 
After from three to five treatments in this way, the ultimate extraction 
was 81.0 per cent. The residues from these experiments were collected 
and roasted again. It was found that by this means 91.8 per cent, of 
the copper still remaining in the ore w^is dissolved by the solvent in one 
hour. 

For this reason the ore used in the above experiments was roasted 
again. The copper then amounted to 30.3 per cent. This ore, when 
agitated for 1 hour with a 6 per cent, solution of ferric sulphate showed 
an extraction of 93.9 per cent, of the copper. In 5 hours, under similar 
conditions, 98.9 per cent, of the copper was dissolved. 

These experiments show that copper can be dissolved by ferric 
sulphate pretty completely as soon as tlie ore is sufficiently roasted. 
The question is what are the compounds formed by roasting, which are 
so much more soluble than the unroasted ore. It seems that this is due 
to the formation of copper oxide. If this is the case, just as much copper 
would be dissolved by sulphuric acid. To test this conclusion some of 
the ore was similarly treated with sulphuric acid of 1,2 sp. gr. for 5 hours. 
This showed an extraction of 97.7 per cent, of the copper. It was found, 
however, in the study of cuprous sulphide, that this was easily extracted 
by ferric sulphate, and this is exactly what was under investigation in 
these experiments, combined with sulphide of iron. It must be this 
double combination, therefore, that prevents the coi)per from being ex- 
tracted by the ferric sulphate. 

The results of the experiments with the ore tnay l)o summarized as 
follows: 

1. Copper pyrites is not appreciably attac^ked by ferric sulpliate. 

2. Roasting so changes the ore tliat nearly all the (sopper can )>c 
extracted by either sulphuric acid or V>y ferric.; sulphate. This makes it 
seem probable that the roasting changes the chopper larg(dy over to oxide. 

The Electrolysis . — -The electrolysis comprises two reactions, the rediu;- 
tion of the copper at the cathode and the oxidation of the iron at the 
anode. These were investigated separately. The vessel uscul was 
a copper voltameter jar divided into three narrow cornpartments l)y two 
clay diaphragms made fast to the glass sides witli i)araffine. The anode 
and cathode were in the outer compartment, while the inner one pre- 
vented diffusion from one electrode to the other. 

In the experiments on the deposition of co|)p(;r a lead plate was used 
as anode, and the anode compartment was filled with Bul|>huric acid. 
The cathode compartment was filled with a solution of the following 
composition: 

5 per cent, ferrous iron. 

3.5 per cent, copper. 

2.5 to 3.0 per cent, sulphuric acid 
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The same solution was contained in the middle compartment. During 
electrolysis the liquid in the cathode compartment was stirred by a cur- 
rent of carbon dioxide. 

The object in these experiments was to determine how poor the solu- 
tion may become in copper without affecting the character of the copper 
deposited at a given current density. This was to be determined for 
the different current densities. For this purpose the gain in weight of 
the copper cathode was compared with the copper deposited in a copper 
voltameter. The accompanying table gives the results obtained with a 
current density of 0.98 ampere per square decimeter. (9.1 amperes per 
square foot.) 


Tiino in 
hourH 

Cii (lepoHitcd in voltnmotor j 
for 1/2 hour | 

1 

Cu dopo.sitftd in cell for 1/2 hour 

Per cent, yield 

1/2 

0.3316 

0.3201 

98.65 

1 ! 

().33-ir> 

0.3328 

99.45 

11/2 

0.3377 

1 0.3356 

99.40 

*) 

0.33Sr> 

0.3384 

100.00 

2 1/2 

0.3474 

0.3469 

99.97 

3 

0.3307 

0.3399 

100.00 

3 1/2 

0.3321 * 

0.3312 

99.75 

4 

0.3310 1 

0.3341 

100.00 

4 1/2 

0.3300 

0.3352 



After 4 hours the coi)i>er commenced to be spongy. The cathode solution 
wiiH then analyzed and was found to contain 0.72 per cent, copper. In 
another similar experiment with the same current density, the copper 
did not begin to be spongy till the strengtli of the solution had reached 
0.38 per cent, copper. 

In still another experiment with a current density of 1.8 amperes per 
8(|uare decimeter (16.8 amperes pov scpiare foot) the copper began to get 
spongy at tlie end of the second hour. Tlu^ electrolysis was therefore 
diH(a>ntinued and the solution in the cathode compartment analyzed. 
It contained 0.98 per cent, copper. The current density was then reduced 
to 0.47 am|)erc per Bcpiarc decimeter (4.4 amperes per square foot) and 
the ehuttrolysis continuc^d. The copper came down in good form till the 
concentration of copper was 0.05 per (amt. in the solution. Two other 
experiments were carried out with current densities of 3.4 amperes and 
2.6 amperes per square dccimct(T, respetdively. (31.6 and 24.2 amperes 
per square foot.) In the first case the copper was deposited in a spongy 
form immediately. The same was true in the second case though not in 
80 marked a manner. Some of the spongy copper was tested for iron, 
but this impurity was not present. 

Oxidation of the Iron at the Anode . — -In all of the experiments to 
determine the oxidation of the iron at the anode, the yield for the first 
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few hours amounted to more than 100 i^er cent. It seems probable, there- 
fore, that if the disturbing causes were removed, the yield would not fall 
much below 100 per cent. At the end of the first period the solution 
contained 2.1 per cent, ferrous sulphate. Therefore the conclusion may 
be drawn that starting with a solution containing 5 per cent, ferrous iron, 
this may be oxidized with approximately 100 per cent, yield, till the 
solution contains only 2 per cent, of ferrous iron, using a current density 
of from 0.3 to 0.5 ampere per square decimeter (2.79 to 4.64 amperes per 
square foot). When the solution contains between 2 per cent, and 1 per 
cent, oxidizable iron, the yield would still be about 90 per cent. When 
the concentration is still more diminished, the evolution of gas becomes 
strong and the yield falls off correspondingly. 

Siemens -Halske Process in Spain. — The Siemens-Halske process was 
installed for practical operation in Southern Tyrol in Spain, but the results 
were unsatisfactory, owing mostly to the indifferent nature of tlie solvent. 
The ore contained the copper in form of the compound Cu^S.FeS.FeS^, 
which was found difficult to dissolve, either raw or roasted, to encourage 
further operations. Later, the ore was roasted at a very low tempera- 
ture, and leached with sulphuric acid, and the copper in the solution 
crystallized to copper sulphate, for whi(;h there was a good local market. 

Experiments at the Ray Mines, Arizona.— W. Ij. Austin gives an ac- 
count of experiments made at the Ray Minos, by W. Y. Wcstcrvclt in the 
summer of 1905, which are interesting.^ 

'^Westervelt, after making preliminary wet concentration tests which gave 
unsatisfactory results, instituted leaching experiments on the Ray ore. Tlu'se 
were sufficiently encouraging to warrant the construction of a small plant on the 
property for the purpose of carrying out further investigations. 

^‘The ore from the Hay mines consists of disscuniiuited sulphides in a porphyry 
— or schistose — gangue, and is thought to average about 2.22 ])er eemt. copper, 
accompanied by little or no precious metals. Immense quantiti(^s of this ore 
are known to exist. 

'"At Ray, leaching with sulphuric a(ud was found to remove a small percent- 
age of the copper from the crude ore but did not attack tliat which was shut up 
in the sulphides. However, practically all of the copper present (iould be readily 
brought into solution by treatment with a hot-acid-solution of ferric sulphate, 
and investigations along these linos were started in tub-lots of 200 lb. each, to 
determine whether or not some pra(}ti(^al method of hiacdiing might be (levcloi)C(l. 
The process finally decided upon for experimentation at Ray was a leaching of the 
raw ore by ferric sulphate, the li(iuor being allowed to percolate through the 
coarse material. This was followed by treatment of the copper-bearing solution 
by the electric current. In the electrolytic treatment the effort was made to 
precipitate metallic copper, and at the same time to regenerate the liquors so 
that they could be reused for leaching; somewhat along the lines of the Siemens- 
Halske process. 


^ 'Mines and Methods,'^ Oct., 1910. 
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'‘The Ray ore was found to be very amenable to leaching, for when crushed 
to one-half inch size, and after the larger pieces of copper sulphide had been 
removed by rough jigging, a high extraction of the copper was easily effected by 
using ferric sulphate solution. 

"Two methods of preparing the ferric sulphate were investigated: 1. Its 
manufacture by chemical means; and 2. through the use of electrolysis. The 
salt was prepared chemically by precipitating copper from sulphate solutions 
on scrap iron, neutralizing the ferrous liquor by means of milk of lime, and then 
oxidizing the emulsified ferrous hydrate by ebullition with compressed air. 
The ferrous hydrate produced in these operations could then be dissolved in 
sulphuric acid and in this manner the desired ferric sulphate obtained. Although 
this metliod of obtaining tlie ferric salt was feasible, it proved to be an ex- 
travagant means of reaching the desired end because of the wasteful consump- 
tion of materials. 

"The second method above mentioned appears to have given more satis- 
factory results, but the matter was not carried far enough to have established its 
economic value. After considerable experimenting to determine the proper 
composition of solutions, density of current, and the various details of plant 
design, a small mill was constructed capable of treating at one time 1000 lb. of 
ore, and in tliis the conqdcde operation was carriial out, from roughly jigged ore 
to the leached tailings and cop)per cathodes. A continuous test run was made 
wliicli lasted 33 days of 24 hours each. 

"In tlic cxperinuaits all the material previously in the vats, or subsequently 
added, as well as the tailings resulting from the oi>erations, were carefully sam- 
pled, weighed and assay(‘d. The material remaining in tlie vats at the end of 
the tests was likewise^ trc^atcal. The same was done with the solutions in the 
vats, electrolytic and storage tanks. 

"Commercial sulphuric iiml (00° B.) was used in these experiments, and the 
amount added was carefully weighed, as was the water consumed. The condi- 
tions of the solutions were daily dc,‘termine(l by assay, and at the completion of 
the run measurements and assays w(‘re again made. 

"The electrolytic; chopper was deposited on cathodes previously obtained 
from Hay ore l>y dcqjosition on, and stripjnng from, rolled copper sheets. The 
cathodc^s were removcul and wcnghcal daily. 

"The voltage maicdaincMl at the tank was determined hourly by a Weston 
voltmeter, capable of b(‘iiig read to 0.01 volt. The amperes were determined 
both l)y hourly rcuidings of a Weston ammeter, and by checking against the daily 
weighings of a standard copper voltameter. 

"Closed l(;ad i>ipe coils w(;re placed in tlie bottom of the leaching vats for 
heating the charg(‘s wliich were kept at an average temperature of 72° C. Steam 
was supplied from th(\se coils from a main line running over the five vats, the 
supply being regulated liy a valve at each coil. Provision was made for collecting 
and measuring the condcnsca! water, which amounted to 33 lb. for each pound of 
copper deposited. Allowance was made in calculating the results for the surface 
exposed to evaporation, which was excessive, and for the area exposed to^ con- 
densation in such a small plant, as compared with one which might be designed 
for commercial purposes. 

"In the Ray experiments the entire ore treated was 1 ton, the grade being 
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about 2.5 per cent. (50 lb. copper per ton of ore), and a total extraction of 40.28 
lb. copper was effected, or SO per cent. The tailings assayed 0.3 per cent. Five 
tanks were used for leaching the ore, the combined capacity being 1000 lb. 

^'The copper deposited per diem was 1.22 lb., or 2.44 lb. per ton of ore in tlie 
vats, and 16.4 days were required to extract 40 lb. of copper from a ton of ore. 
The acid consumed during the entire run was 91.4 lb., or 2.27 lb., per pound of 
copper deposited. The average voltage carried was 1.7 and the current consumed 
amounted to 22.382 ampere-hours; 0.55G ampere-hours per pound of copper 
produced. This is equivalent to 38.0494 kilowatt-hours for the entire run, or 
0.945 per lb. of copper deposited. 

^^The following estimate of the cost of leaching the Ray ore was made by 
Mr. Westervelt, based on the erection of a sulphuric acid plant on the ground, and 
assuming first class ore handling facilities to be j)rovided. It was thought that 
the acid could be manufactured locally for $13.00 per ton, it being understood 
that the cost of the sulphuric acid made at Clifton, Arizona, by the Arizona 
Copper Co. for use in leaching operations carried on at that pla(‘e, is between 
$10.00 and $12.00 per ton — including the j)yritcs, which cost $2.00 i)er ton. 
With fuel oil at $1.25 per barrel, the use of high-pressure C()mi)ound steam engines 
for the generation of electric current, and emj)loying exhaust steam for heating 
the vats, it was estimated that the cost of producing both ])ower and lu'at, in- 
cluding labor and fuel, would be about $0.02 per kilowatt-hour, or $130.70 i>er 
horse-power per annum. 

^'In the table given below neither the cost of the ore, nor interest on the 
capital invested, nor amortization are included in the totals. Also the ex])(‘nses 
of shipping the product to market and of disjxjsing it are not takem into acxiount; 
in other words the figures are usually termed the opcu’ating expenses. 

Estimated Cost of Treating One Ton of 2.5 Per Cent. Ore, and of Producing 
Therefrom 40 Pounds of ELECTRoiiYTic Coprek in the Form op Cathodes. 

Per 11). Per ton 
copper ore 
$0,010 $0.40 
0,015 0.00 

0.020 0.80 


$0,045 $1.80 

''In these tests the operation was carried out by allowing the litpior to per- 
colate without employing agitation, and the material subjected to huudung was 
rather coarse. The result was that to extract 80 per cent, of the copper reiiuircxl 
16.4 days, even when a temperature of 72® 0. was maintained. Had the ore 
been crushed finer — to 1/4 in. approximately — the action would have necessarily 
been more rapid, and agitation would have still further decreased the time 
required.^^ 

According to Austin, an investigation made in 1909 as to the probable 
cost of handling Ray ore by wet concentration in the mill at present 
under construction led to the following figures: 


Crushing and rough jigging; handling and leaching attendances, 
Acid, 2.27 per pound of copper at $13 per ton, 

Electrolytic deposition and heating vats; 0.95 k. w.-hr. per pouml 
of copper, 
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Estimated Cost oe Handi.ino Hay Ore 



Per ton 

Per cent. 

Mining, 

$1.25 

29.1 

Transportation-Ray to Winkleman, 

0.20 

4.7 

Milling-on basis of 5000 tons daily, 

Smelting, converting, shipping East, 

0.40 

9.3 

Refining and selling. 

0.93 

21.7 

Adm'nistration, 

0.15 

3.5 


Total cost of treating one ton of Ray ore, $4.29 100.0 

Total cost of producing copper $0,142 per lb. 


“ Taking the third and fourth items (Milling, etc; Smelting, etc.) as being the 
nearest equivalent to cost by the wet method, showing the expense of producing 
electrolytic copper to be $0,045 per pound, it is evident that these amount to 
31 per cent, of the probable cost of the copper, which brings the total up to 
$0,145 per pound, or about the equivalent of what is expected from the wet 
concentration mill. 

‘‘On the other hand, while the percentage of extraction accomplished by 
leaching was 80 per cent., that expected from wet concentration is only about 
70 per cent., of which a furthur 5 per cent, of the 70 per cent, will have to be 
deducted for Bubsequent metallurgical losses before refined copper is reached.’’ 

Tosizza Process.^— In this process the ferruginous copper sulphate 
solutions are electrolyzed by introducing sulphur dioxide into the 
electrolyte bath, while at the same time adjusting the voltage so as to 
effect the decomposition of the copper while the iron remains unaffected. 

Tosizza finds that the sulphur dioxide reduces the tension necessary 
to deposit the copper to 0.2 volt. Since copper is more readily deposited 
than iron, by properly regulating the voltage, copper may be deposited 
to the exclusion of iron, Tosizza finds this to take place between 0.2 
and 0.6 volts. 

Ramen Process.® — In order to reduce tlic voltage required in the 
decomposition of copper solutions, and have a uniform and concen- 
trated anolyte, Ramen purposes using ferrous salts derived from pre- 
cipitating a portion of the eopi>er solution with iron. He accomplishes 
this by dividing the lixiviant into two parts, one part going directly 
to the cathode compartment of the electrolyzer, while the other part 
is precipitated with iron, and the ferrous liquor so obtained 
is passed through the anode compartment. In this way a strong 
ferrous solution is obtained before being brought in contact with the 
anode, thus acting more effectively as a depolarizer than an electrolyzed 
cathode solution. 

1 U. 8. Patent 710,346, Sept. 30, 1902. 

2 U. S. Patent 913,430, Feb. 23, 1909. 
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Treatment of Ore at the Braden Copper Co’s. Mine, Chile.^ — The mines 
of the Braden Copper Co. are situated in the Andes mountains, 0’ Higgins 
province, Chile, 198 miles by rail from Valparaiso. The metallic minerals 
of the mine are iron pyrite, magnetite, chalcopyrite, bornite, and 
secondary chalcopyrite, in the sulphide zone; and in the zone of oxida- 
tion, linionite, cuprite, metallic copper, and the carbonates and silicates 
of copper. The principal non-metallic minerals, outside of the original 
constituents of the rock are, tourmaline, quartz, ankerite, calcite, 
chlorite, sericite, mica, epidote, and zircon. 

The average copper content of the ore is estimated at 2.70 per cent, 
copper. The ore is first concentrated and an extracticDn of 65 per cent, is 
estimated in the mill concentration, and 95 per cent in the smelting. 
Ratio of Concentration 9 to 1. The ultimate anioimtof copper extracted, 
therefore, is estimated at 33.5 lb. per ton of ore. The concentration 
plant is designed for crushing with gyratory crushers and rolls, screening 
by means of shaking screens; treating the product on roughing and 
cleaning jigs of the Woodbury type, regrinding the tailings in Chilean 
mills, classifying the finer sizes, and treating same on Wilfly tal)les and 
Frue vanners. The concentration will be done in two separate mills, th(> 
first of three units, each unit havitig a nominal daily capacity of 553 tons. 
These two mills will be brought up to daily capacity of 3000 tons. The 
concentrate will be delivered eitlicr to the smelt or or to the roasting 
plant, should leaching of the concentrate be decided on. 

The average analysis of the concentrate will be al)oiit as follows; 

Copper, 16 per cent Silica, 24 per cent. 

Iron, 19 per cent. Alumina, 12 per cent. 

Sulphur, 22 per cent. Linui, 2 per cent. 

A smelting plant has l)ccn designed, consisting of a blast furnace, 
44x180 in. at tlie tuyeres, with a 7-ft. ore colum n, mul a Pierc.c-Smith 
basic lined converter for converting the matte into blister (!()|)pcu% 

It has also been d(3cided to put in a Icatdiing plant capal)le of treating 
the concentrate from one-fifth of the daily tonnage. In gcmeral, this plant 
will consist of roasting the concentrate, making sulphuric acid, and 
precipitating the copper eloctrolyti(uilly. NuincrouB experiments on a 
working scale have been made in America on concentrates from the 
Braden Copper Co., wliicli liavc been most succesHful, and should the 
same success be obtained in Chile, on a much larger working scale, it is 
estimated that the cost of production per pound of copper will be materi- 
ally reduced. 

This leaching plant will consist of one Wedge furnace with acid 
towers and accessories, three leaching vats, three settling tanks, and 

^Annual Report of the Company by Pope Yeatman, Consulting Engineer, 
E, and M. Dec. 30, 1911. 
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a precipitation plant of ten tons cathode copper capacity per day, which, 
should leaching not be carried out, would be used for refining a certain 
portion of the blister copper from the blast furnace. The electrolytic 
precipitation plant will probably be increased so as to handle copper 
either from the Idast furnace of from the leaching plant. What makes 
the method of treating the concentrate by leaching so attactive is that 
it is believed the costs will be lower and the extraction higher, and the 
basis for the low costs is tlie low cost of power produced by the water- 
power installation on the Cachapoal. 

Extraction of Copper from Matte. — Copper may be extracted direct 
from eoppei* matte l)y using the matte as an anode in an electrolyte of 
copper sulphate. Co])per is deposited on the catliode, while the sulphur 
rennains liehind at the anode. Iron is dissolved as ferric sulphate. 

It is sonu'wliat questionable if the direct electrolysis of matte offers 
any advantage in ]>racti(‘al ap])lication. Once copper is obtained as 
matte it is readil}' convented into blister copper followed by the ordinary 
|)rocess of ehud-rolytic 3*e fining. If, however, conditions arise which 
would Tnak(‘ advisa]>l<‘ th(‘ (‘xtraction of c()])})er from matte it could prob- 
ably be mor(‘ advantag(‘ously tr(‘ated ])y first crushing and roasting, and 
then dissolving and ]>n‘ci|)itatiug the c(>j)])er as in any other chemical or 
(‘lectrolyti(^ int‘thod for (vxtraction of co])per from ores. Marchese 
(‘arri('d out work on a ])ractical scales on the direct electrolysis of copper 
matte, and while tlu^ results w(‘re not sufficiently encouraging to warrant 
its continuama^ in practi(‘e, they are liiglily interesting. 

Marchese Process. — In the Marchese process, as carried out on a 
practical scale at Slolbtng, the matte was east into anodes 31 1/2 in. 
s<|uarc and 1 1 /2 in. thi{‘k. The iron moulds in which the matte was cast 
w<u‘e sunk in tiu‘ ground so tliat (‘.ooling took place very slowly, thus 
pHiventing the cracdcing of tln^ j)lates. A copper strip was cast into the 
anode as a jjositivc^ (‘onduclor for the (dcaduuk^ current. The cathodes 
consisted of copper slnads :U i /2 in. squan^ and 0.04 in. thick with 
co{)p(‘r strijKS riv(‘t(‘d to them for sus]H'nsi(>n and conducting the current. 

ddic* avcu'agc^ composition of tlie matte tnuitcul was as follows:^ 


CoppCT 
Lead (Ph), 
Iron (Ib‘), 
S\ilplnir (S), 
Silver, 


15 to 16 per cent. 

M |)er cent. 
40 to 42 per cent. 
25 per cent. 
0 . 05 per cent. 


Tlie ele(!trolyte was made l>y extracting the richest matte (carrying 
about 50 per (amt. copi)er) with dilute sulphuric acid, and when ready 
for use c.ontained al)out 27 to 23 grrn. of copper and 15 grm. of iron per 
liter. The vats were arranged in (uisctade series, and were 7 ft. 2 in. long 


Borchers, Electric Smelting and Refining^ p. 255. 
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by 3 ft. 3 in. wide by 3 ft. 3 in. deep, lined with lead. Each bath had 
15 anodes and 16 cathodes, arranged in parallel, and at a distance of 
2 in. apart. 

The current density was 2.8 amperes per square foot, and the electro- 
motive force at the begininng of the electrolysis was 1 volt per cell. 

At first the electrolysis proceeded satisfactorily, but after a few days 
the resistance began to increase and at times reached a tension of 5 volts. 
The high resistance was due to a dense deposit of siilpliur at the anode. 
Another difficulty developed in the disintegration of the anodes due to 
the iron and copper going into solution, so that large fragments crumbled 
away, filled up the space between the anodes and cathodes at the l)()ttom 
of the tank, and thus short circuited the current. The deposited copper 
was very impure; it was found to contain antimony, bismuth, lead, iron, 
zinc, and sulphur. It was then determined to replace the matte with 
lead anodes. Under these conditions the electromotive force required 
was 1.7 volts, and the results at first were good, but in a short time the 
quantity of copper deposited fell to 60 i)er cent, of the theoretical and the 
potential rose to 2.5 volts. The immediate c, aviso of the increase of 
potential was due to the formation of lead peroxides on the anode. lixper- 
iments were made with sulphur dioxide as a dc^iiolarizer, and while this 
did not diminish the required voltage, the yield of cojijier was inc.reased 
and the copper was exceptionally pure, containing 99.984 Cu. 

Gunther Process-^— In the electrolytic treatment of cop|)er matte at 
Mansfeld by the Guntlicr Process, the matte, couiiaining 75 per cent, 
copper (White metal) is cast into anodes 40 in. s(iuar(^ and 2 in. tliiidv, 
which are suspended in lead lined vats by nn^aus of T-shaped cojqier 
strips tinned on the ends, tluise ends lieing (unbcnldcd in the matte. 
The anodes are suspended lietwc^eu altcu'uate c-athodc phites of thin 
sheets of metallic copper. The aruxk^s must lie rcvmoved before tlu^y 
become so thin as to crumble away and contaminate the slime. 

The electrolyte is heated to 75*^ C. hy means of st(^am coils, and is 
thoroughly aerated and circulated. The (^huitrornotivii forix^ r(K|uired 
is not more than 0.5 to 0.7 volt, and a current demsity of 30 amperes pi^r 
square foot is used. Iron, nickel, and co)>alt go into solution, small 
particles of the anodes (copper, silver and sulphur) (toIIcMd; at tln^ bottom 
of the vat as slime, and the pure copixu* is (u)lI(U‘,t(Ml on tlu^ (ui(-hod(‘s. 

To clean up the slime, the clear olec.trolyte is Hi|)honed off, removcHl 
and filter pressed. It is next treated with a hot solution of ai^etylin 
tetrachloride to remove the sulpluir, this sulphur sejiarating out on 
cooling. The residual liquid is used again. The silver bearing mud now 
receives a sulphatizing roast, and is further treated by the Zicrvogel 
method. The residue after extraction of the silver is used to neutralize 
that portion of the electrolyte withdrawn for purification. 

' E. and M, J., Oct. 12, 1907, 
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ELECTROLYTIC CHLORIDE PROCESSES 

Electrolytic chloride processes may be divided into three general 
classes, based on the solvent: 

Hydrochloric Acid, 

Ferric Chloride, 

Cupric Chloride, 

but all of these compounds may be, and usually are, present no matter 
what the basis of the chloride solvent may be. 

If a solution of copper chloride, containing free acid and ferrous 
chloride, such as might result from the leaching of copper ores, is elec- 
trolyzed without a diaphragm, then in addition to the reaction 

CuCl-Cu + Cl 

there will take place 

CuCI +Cl = CuCl2 
FeCl2 + Cl=FeCl3. 

The chlorine, cupric chloride, and ferric chloride, finding their way 
ba(dc to the cathode and under the influence of the current, give rise to 
the reversible reactions: 

CU + CI2 = CuCl^ 

Cu + CuCl2 = 2 CuCl 
Cii+FcCl3== CuCl+FcCl 

thus disturl)ing the efficiency of the process, and the disturbance may 
become so great that no copper will be deposited. 

If a Btiitalde diaphragm is interposed between the electrodes, thus 
removing the deposited copper from the effects of the anode reactions, 
then a high efficiency may bo obtained. 

Since the reaction 

Cu+CuCl2=2CuCl 

takes place to some extent without the intervention of the current, it is 
desirable to have the copper in the cuprous condition, and the iron in the 
ferrous state. 

Under these circumstances, the electrodeposition may be highly 
effident, because twice the amount of copper is deposited from the 
univalent cuprous chloride than from the bivalent cupric chloride, and 
the anode reactions give rise to an elec;tromotive force which materially 
reduces the voltage necessary for the decomposition. 

The resulting anode product will depend largely on the lixiviant. If 
the lixiviant is hydrochloric acid and the resulting copper chloride solution 
reasonably pure, then chlorine will be evolved at the anode. If the 
lixiviant is cupric chloride, as in the Hoepfner process, then with a low 
current density, cupric chloride will be regenerated from the cuprous 
chloride anolyte. Similarly, if the lixiviant is ferric chloride, as in the 
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Body process, then ferric chloride will be regenerated from the ferrous 
chloride anolyte. 

The use of ferric chloride as the solvent, and its regeneration from 
ferrous chloride, is analogous to the corresponding ferric sulphate process. 

The first attempt to use iron salts in an electrolytic copper process 
was made by Body, in 1886. The purely metallurgical engineering art 
had, up to this date, long known the utilization of iron salts, especially 
the oxidation, reduction, and solvent powers of its respective sulphates 
and chlorides. The application of these facts to the development of 
electrolytic methods of extracting copper from its ores, has given rise to 
several interesting processes. Body, in 1886, applied for a patent in 
which ferric chloride in connection with common salt was used as the 
electrolyte. This must be considered the forerunner of the Siemens- 
Halske process in which ferric sulphate is used as tlic electrolyte, and of 
the Hoepfner process in which cupric chloride is used as the solvent of the 
copper and cuprous chloride as the electrolyte. 

In all processes in which the copper is dissolved as (‘Jilorido either by 
hydrochloric acid or metal chloride, the electrodcipositiou is made from 
the cuprous, and not from the cupric chloride, although in precipitating 
from cuprous chloride solutions some cut)ric cJiloride may be pres(mt or 
formed during the electrolysis. 

Electrolysis of Cupric Chloride. — When cu])ric chloride is (^lect-rolyz(Ml, 
copper is deposited on tlie cathode and chlorine n^leased at the anode. 
The theoretical pi'cssure required is 1.35 volts, 

CuCL-f lilectric current — Cu f2Cl 

the chlorine released may be used in some otluvr st(^|) in the extraction of 
the copper, or as a basis for the manufa(*.ture of l)y-products. 

Experiments made in electrolyzing a solution of cupric (jhloride/ 
using a platinum cathode and a carbon anode, in a porous (udl, showed 
the following interesting results: 

When the solution is stirred, it is found that rapid stirring diminishes 
the yield for a given current, but the c.opper d(q>Osit(Ml is purcu' ])ec;iuse 
the cuprous chloride formed by the dissolving of separaii^d copper by the 
cupric chloride is washed away from tin; d(q>osit. 

In a series of experiments, tlu^ solution was (urciilat,(Hl through the 
electrolytic cell and passed into anothcii* vessel (containing a copper plate, 
and the rate at which tlic copper dissolvc^l was measured. To ol)tain 
constant results the liquid must always circulate at the same rate. 
Addition of hydrochloric acid diminishes the current yield, but leads to 
a purer copper, because the emprous chloride formed is retained in solu- 
tion. When the concentration of the acid is very great the yield begins 
to increase slightly. Sodium chloride added to the solution diminishea 

^ London Electrical Enqineer, 1902. 
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the current yield, but not to anything like the same extent as hydrochloric 
acid; the deposited copper is very pure. The current yield diminishes 
as the concentration of the cupric chloride increases, and the copper 
deposited becomes more impure, for more cuprous chloride is formed, 
and it may even liappen that cuprous chloride alone is deposited. It is 
not advisable, however, to diminish the concentration too much, as then 
the copper is deposited in a very spongy form. 

At a temperature of about 12° C., the deposited copper is spongy; a 
coherent deposit is obtained at 25° C., but as the temperature rises above 
this, the current yield diminishes and the deposit is not so pure. 

Increase of current density slightly increases the current yield, be- 
cause the solubility of the copper in tlie electrolyte is almost independent 
of this density. At very high current densities however, the current 
yield falls off on account of the separation of hydrogen at the cathode. 
A deposit containing up to 99.98 per cent, of copper can be obtained 
from a solution containing 0.1 gram-molecule of cupric chloride; 0.1 
gram-molecule of liydrochloric acid, and 0.4 gram-molecule of sodium 
chloride, per liter. 

Metallic copper is somewhat soluble in cupric chloride solutions, the 
cupric chloride being reduced to the cuprous chloride: 

CuaU-{-Cu = 2CuCl. 

Metallic copper is also quite soluble in chlorine solutions, especially under 
the influence of the electric current and in the presence of cupric chloride. 

Electrolysis of Cuprous Chloride. — When cuprous chloride is elec- 
trolyzed, co])|)er is dcposit<Mi on the cathode, and chlorine is released at 
the anode; l)ut the chlorine ndeased is only half the amount liberated 
in the electrolysis of cupric chloride, for the same equivalent of copper. 
Or it may be consid(U’(Ml that the amount of chlorine released with a 
dcvfmite amount of current is the same for both the cupric and cuprous 
chloride, but the cop]>er depositcul from a cuprous solution is twice that 
deposited from a cupric solution: 

(hiCl + Electric, current = (hi 4 - GL 

Tlui (dilorinc lil)erated at the anod(i may es(uix>e or ])C used in some other 
st(q) in the process. Sornc^ of it will (tombine with the cuprous chloride to 
convert it into the cu|>ric chloride, unless j)roi>er diaphragms are inter- 
posed between the anolyte and the (uitholyte. If tluu'c is ferrous chlo- 
ride in the electrolyte it may be convcnixul into the ferric chloride. 

FeCh.-bth-FeCl^. 

(hiCl FCl-CuCl.. 

The minimum electrical pressure required theoretically to decompose 
cuprous chloride is 1.42 volts. Any recombination of the chlorine liber- 
ated at the anode and combining with cuprous or ferrous chloride to form 
the corresDondinff cunric and ferric salts, will tend to lower this voltage. 
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If diaphragms are not interposed between the anode and cathode the 
electrolyte will gradually be converted into the cupric chloride and the 
yield of copper will also gradually diminish, and if the electrolysis is 
continued until the solution is saturated with free chlorine, the falling 
off in the yield will be very perceptible. 

Dr. M. DeKay Thompson, and E. R. Hamilton made some interesting 
investigations to determine the possible use of cuprous chloride solution to 
copper refining. ‘ Much of this information is also interesting in connec- 
tion with insoluble anodes. Dr. Thompson and Mr. Hamilton determined 
the conductivity of saturated solutions of cuprous chloride in solutions 
containing 15, 25, and 30 grm. of NaCl in 100 gi-m. of water. The con- 
ductivities in the following table are given in reciprocal ohms per centi- 
meter cube. 


SATURATED SOLUTIONS OF CUPROUS CHLORIDE IN SOLUTION OF 



I 

ir 

III 

Temperature 

15 grm. NaCl in 100 

25 gnu. NaCl in 100 

50 grm. NaCl in 100 


grin, water 

grm. wal.or 

grm. water 

25° C 

0.115 

0.105 

0.200 

40° C 

0.185 

0.215 

0.258 

50° C 

0.217 

1 

0.2SI 

0.208 


As compared with the conductivity of pure .sodium chloride, the satura- 
tion with cuprous chloride lowers the c,onductivh.y of the solution. For 
example, the conductivity at 25° of a solution made by dissolving 25 grin, 
of sodium chloride in 100 gi-m. of water is 0.225 reciprocal ohms, while 
after saturating it with cuprous chloride it falls to 0.145. This can lie 
counteracted by the addition of a small amount of hydrochloric acid, 
which at the same time clears up the turbidity. 

The measurements of the following table w(u-o made of the conduc- 
tivity of a solution made by di.ssolving 25 grm. of sodium chloride in 
100 grm. of water, saturating with cuprous (ddoriihi and adding the 
indicated amount of hydroidiloric acid of specific gravity 1.188 at 21.7°. 


oterH of HCl added to 
c. of solution 

Conductivity 

1.115 

0.195 

1.595 

0.204 

2.08 

0.200 

2.52 

0.215 

3.20 

0.224 

3.60 

0.230 

4.32 

0 237 

4.81 

0.242 

6.55 

0.251 


•Kttsburg Meeting Electrochemical Society, May, 1910 . 
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For the sake of comparison measurements were also made on the 
conductivity of acid copper sulphate solutions. In electrolytic copper 
refining the solutions used in practice generally contain between 12 and 
20 per cent, of crystallized copper sulphate, and between 4 and 10 per 
cent, free sulphuric acid, and are employed between 50^ C. and 60° C. 
Measurements were made of two solutions: containing 3.75 per 

cent, free acid and 12.5 per cent, copper sulphate; 9.3 per cent, acid 
and 18.3 per cent, copper sulphate. The specific gravity of A at 22.2°, 
was 1.077 ; that of B at 21.2°, was 1.199. The results of the conductivity 
measurements arc given in the following table: 

CONDUCTIVITY OF ACID COPPER SULPHATE SOLUTIONS 


Tempcrat un‘ Solution A Solution B 


25° C 0.1573 0.3260 

40° C 0.1752 ; 0.3754 

60° C 0.1895 ; 0.4252 


As it thus appcairs that the conductivity of the cuprous chloride 
solution can be made l)y the addition of free hydrochloric acid as satis- 
factory as that of co|)per sulphate solutions, the next point to be investi- 
gated was the ampere-hour efficiency attainable in the electrolysis of 
cuprous chloride solutions. 

■ Before Btudying the effect of impurities a few electrolyses were 
carried out in a pure Boliition, sucdi as was used in the conductivity deter- 
minations. Two small cc^lls containing a solution of 25 grm. of sodium 
cldoride in 100 grm. of watc^r saturated with cuprous chloride, and copper 
elec'trodes, w(‘re connec.ted in series with a copper coulorneter. The 
cuprous cldoride cells were covered with a layer of liquid paraffine. In 
one c(dl the solution had turned to deep brown, while in the second it 
remained nearly white. 

On electrolyzing with a current density of 2 amperes per square 
decimeter (18.C> amperes per nquaTQ foot) at room temperature the 
efficiency in the dark-colored cell was 78.2 per cent., and in the other 
95.9 per <amt., 100 per cent, being taken as twice the amount of copper 
deposited in the coulorneter. The anodes were eaten away badly at the 
surface of the liquid. This always took place in neutral solutions 
where there was no stirring. There was also a corresponding heavier 
deposit on the upper part of the cathode, as though the liquid conducted 
better at the top than at the bottom of the cell. 

There was a great tendency to form crystalline trees of copper, so 
that where the current density was not uniform the tree would grow to 
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the anode and short-circuit the cell. Stirring the solution prevented 
uneven solution of tee anode and produced an even deposit on the 
cathode of a darker color than obtained with a sulphate solution. During 
the electrolysis the solution tended to oxidize and form a green scum on 
the surface. The scum and the turbidity of the solutions can be removed 
by the addition of a little hydrochloric acid. 

In order to see what effect the acid has on electrolysis, to one portion 
of a solution of 25 grm. of sodium chloride in 100 grm. of water saturated 
with cuprous chloride just enough hydrochloric acid was added to clear 
the turbidity; to a second portion hydrochloric acid of specific gravity 
1.118 was added in the proportion by volume of 4.6 of acid to 100 of 
solution. These were placed in cells with copper electrodes, and were 
connected in series with a coulomcter and electrolyzed with a current 
density of 0.75 amperes per square decimeter (7 amperes per square foot). 
The cuprous chloride solutions were stirred by passing in hydrogen. 
The results are given in the following table ; 


ELECTROLYSIS OF ACID CUPROUS CHLORIDE SOLUTIONS 



Cuprous cliloridfj 





Cupric sulphate 


No. 1 

No. 2 

1 

Voltage at start 

' 2.0 

0.18 

0.30 

Voltage after 2 hours 

3.0 

0.50 

0.40 

Voltage after 3 hours 

0.84 

0.20 

0.35 

Gain in weight 

2 . 08 grm. 

3.05 grm. 

1 . ()0 grm. 

Current efficiency 

80 . 6 per c(‘nt. 

1)1 .0 p(;r c<‘nt. 

100. per cent. 


The deposits in cells 1 and 2 wore both smooth and adhered firmly. 
After the electrolysis the solutions stood in contact with the anodes for 
48 hours. After 24 hours the first solution had a bright green scum on 
the surface, and had become turbid, while at the end of 48 hours the; 
second solution had only become a little darker in color. The C()i)p(ir was 
badly corroded at the surface of the liquid in cell No. 1, while in cell No. 2 
it was scarcely corroded at all. 

The general results of the investigations arc summed up as follows: 
the conductivity of cuprous chloride solution can be made as high as 
that of the solutions ordinarily used in copper refining, l)y the addition 
of hydrochloric acid. At room tempcrat\irc a current efficiency of 90 
per cent, of the theoretical can be obtained when the solutions are acidi- 
fied. The presence of free acid is therefore beneficial in every respect. 
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The Body Process.^ — The Body process consists essentially of separat- 
ing copper, silver and gold from its ores by electrolytic action, consisting 
in first roasting the ore, then subjecting it to the action of ferric salt 
solutions, and at the same time passing an electric current through the 
solution, whereby the metal becomes dissolved and precipitated, and 
chlorine gas is generated at the positive pole, which reconverts the re- 
sulting ferrous salts into ferric salts. 

In carrying out the process, the ore is first suitably ground and if a 
sulphide, it is roasted. The solvents employed are the ferric salts, such 
as ferric sulphate or ferric chloride, either alone or mixed with common 
salt. The ore itself is subjected to electrolytic action. The operations 
that take place arc as follows: 

1. The ores arc dissolved by the action of the ferric salts, which are 
thereby converted into ferrous salts; 

2. The dissolved copper is deposited on the cathode by the action of 
the current; 

3. Tlie chlorine liberated by the current at the anode effects the 
reconversion of the ferrous to ferric salts, and any excess of chlorine 
passing off, in penetrating the ore has an energetic dissolving action 
thereon. 

Fig, GO shows tlie construction of the apparatus preferred by Body 
to carry out the process. It is made of Portland cement, which has been 
found to be a good non-conductor of electricity, and which is painted 
inside and outside with a suita])Ic impermeable coating. The outer 
walls of the apparatus are repres{uit(‘d by au, witliin which are inner walls, 
5?>, at a small distance tluu’cfrom, and which pass down within a cer- 
tain distance from the ]>ottoni surface, c, this being coated with a layer 
of carbon. The o|)(‘nings hit below the inner walls are provided with 
permeable surfac^es at x, formed of felt, and the inner surfaces of the 
outer walls are coated with a layer of carbon, d. The parts of the 
bottom floor betwe^en the out(ir and inner walls are situated at a lower 
level than the innew floor. The el(H*tric circuit is connected at one pole 
with the inneu’ floor, ajid at thcj otlier pole with the two precipitating 
plat('B XX , suspended in the snnill compartments of the vessel. The 
solution enters at the floor, c, of the inner compartment, and, after 
flowing upward and over the tops of the inner walls, 6, into the outer 
compartments, escapes through openings, o, near the bottom of these 
compartments. 

By constructing the lower parts of the walls, b, of a permeable 
material the current is enabled to pass direct from the electrode, c, to 
the precipitating plates, X. By this arrangement the solution is sub- 
jected in the best manner to the action of the precipitating plates, and 


S. Pat. S33;815, Jan. 5, 1886. 
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can be made to permeate in a continuous manner through the ore. 
Centrally in the inner compartment iKS a stirrer, e. 

A suitable solution for the treatment of the ore is 100 parts of water 
to 20 parts of common salt, 5 parts of persulphate of iron, and 5 parts of 
sulphuric acid. The solution may, however, be used without the common 
salt in connection with chloridized ores. 



Fxg. 60.---Body cell. 


Body claims in his U. S. patent: 'Tn the process of separating gold, 
silver, copper, and other metals from their ores by electrolytic action, the 
method of dissolving and precipitating the metal from the ore, and recon- 
verting ferrous salts into ferric salt, consisting in subjecting the ore to 
the action of ferric salt solutions under the influence of an electric 
current.'' 

This appears to be the first disclosure of the application of electrolysis 
to the extraction of metals from their ores, based on the reactions between 
ferric and ferrous chloride, and ferric and ferrous sulphate, although it is 
evident that Body, in his patent, preferred the chloride solution. 
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The Body process, although patented in Belgium as early as March 
1883, was never attempted in practice, and is chiefly of historical interest. 
The electrolysis of the ore direct, although frequently tried, has never 
met with much encouragement in any electrolytic method. 

The theoretical electromotive force required in the Body process, in 
precipitating the ferrous from cupric chloride solution at the cathode, and 
reconverting the ferrous to ferx’ic chloride at the anode, according to the 
following equation: 

CuCU + 2 FeCl 2 = Cu + 2FeCl3 

IS 0.15 volt. Some of the copper in the electrolyte would doubtless be 
in the form of cuprous chloride, and some of the chlorine released may 
not combine with the ferrous chloride to form ferric chloride, so that the 
true theoretical voltage would be quite difficult to determine. 

The Hoepfner Process. — In this process cupric chloride is used as the 
solvent, in connection with a solution of sodium or calcium chloride. 
The cupric chloride reacts with the copper in the ore to form cuprous 
chloride, which is retained in solution by the sodium or calcium chloride. 
The cuprous chloride solution is then electrolyzed in a diaphragm cell, 
where the (topper is jirecipitated at the cathode, and an equivalent amount 
of cxii)rouB chloride is reconverted into cupric chloride, by the chlorine 
released at the anode. Tliis regemerated cupric chloride solution is then 
again retunuHl to the ore to dissolve more copper as cuprous chloride. 

The pro(‘ess may l)e described as follows: The ore ground to about 
90 memh is autornatic'ally conveyed to huiching drums. Here it is mixed 
with a heated sohition of cuj>ric chloride, which contains before entering 
the drums GO grm. of coi)per to the liter, is saturated with common salt 
or chloride of cahdum, and is left in contact with the ore from 2 to 6 
hours. Above the hxaefliing drums is a tank filled with the necessary 
quantity of hot li(|Uor to allow of continuous work. 

The lea(*hing takes placc^ in two consecutive steps: at first in one of 
the drums fresh cupric chloride solution is added to the ore that has 
previously l)een treat(‘d with cupric chloride solution, to extract any 
remaining cop])cr or otluu* metals; then it is drawn into another drum 
containing fresh ore. Ilcu’c the (uipric chloride solution is completely 
reduced to cuprous chloride. With sulphide ores tlie following reactions 
take place : 

(hiS + CuCU^Cu/Jl^ + S 
Ag,S + 201104 - Cufil, + 2 AgCl + S. 

After all the economic metals have been extracted from the ore the 
residue is taken out of the drums by means of a sand pump, transferred 
to filter presses, washed and then dropped into cars and carried away. 
These tailings in careful work do not contain more than 0.2 per cent, 
copper. 
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The solution after having been completely changed to the cuprous 
chloride in the drums, is drawn off into vats, allowed to clear, and then 
purified. The purified solution now contains 120 grm. of copper (as 
cuprous chloride) per liter, which is twice as much as its contents before 
extracting the copper from the ore. 

Electrolyzers are employed, which are separated by diaphragms into 
anode and cathode compartments, and allow an independent circulation 
from anode to anode, and from cathode to cathode compartments in any 
desirable number. In the anode compartments are placed insoluble 
anodes generally formed from gas retort carbon; in the cathode compart- 
ments the cathodes are of sheets of pure copper. The solution from the 
ore of perfectly reduced cuprous chloride in a sodium or calcium chloride 
solution flows into the electrolyzers in two separate streams, one going 
to the anodes and the other to tlie cathodes. 

At the cathodes metallic copjmr is plated out at a rate of 2.36 grm. 
per amj.)ere hour, exactly doulde the quantity as precipitated from an 
oxide salt of copper, such as sulj)hate, from wliich 1.18 grm. are deposited 
per ampere hour. At tlie anode, if no cuprous chloride were present, 
chlorine will be liberated and a potential differencio of 1.8 volts will be 
necessary to effect the dissociation, but as cuprous chloride is always 
present at the anodes, the c.hlorine ions react with the cuprous chloride 
and the formation of cu|)ri(^ chloride results: 

(hnCU l n -2( hi(d, + /)4,2()0 calories. 

This reaction prodiic.(‘s an (‘l(M*.tromotive force which amounts to 
about one volt, and in the same direction as the working current, so that 
it aids the electrolytic de(‘,omposition and reduces the power necessary to 
plate out the copper. The (dcudii-olysis pracducailly proceeds at a potential ‘ 
difference of 0.8 volt at the terminals of the cell. The solution passing 
the cathodes has its c.oppcr i)r(M*.ipitated and eventually becomes free or 
partially free from copper. It is then withdrawn from the clectrolyzerB 
to be taken up in tln^ (‘.yc.h^ for the purj)ose of restoring the original 
volume of solution. Tlu^ anode solution retains its original contents, 
but at the end of the opcu’ation the (a)j)per no longer exists as cuprous 
chloride, but is complet(^ly oxidized to the cupric chloride. The anode 
solution now containing its (iopper as cupric chloride, and the cathode 
solution, freed, or partially freed from its copper, arc again mixed, so 
that the original condition of a (uipric chloride solution containing again 
60 grm. of copper per liter, is again applied to the ore. 

The electromotive forcjc ixupiired for the deposition of copper from 
cuprous chloride under the conditions of the Hoepfner process is, 
theoretically, about 0.18 volt, and practically from 0.6 to 0.8 volt. 
This condition, however, can only be realized at very low current 
densities. 
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The purification of the solution is accomplished by chemical means, 
employing copper oxide, caustic lime or alkali, whereby arsenic, antimony, 
and bismuth, which have a decidedly deleterious effect on the deposited 
copper, are removed. Silver may be either chemically removed by 
means of granulated copper, potassium iodide, or electrolytically, before 
the copper, l^y means of caustic lime, the iron which had been taken up 
is also removed. If it was not removed the iron contents of the solu- 
tion would gradually increase to such an extent that the solvent ability 
of the impure solution \vould be only one-fourth that of the original 
solvent. 

The quantity of copper precipitated by a mechanical horse-power 
(taking 730 volt-ain])eres for 24 liours at a potential difference of 0.8 
volt, including 10 ])er (‘ent. current loss) is approximately 43 kg. (theoretic- 
ally 46.4 kg.). In vicnv of the fact that in the larger power plants only 22 
kg. of cotil are recpiired per horse-power day, %ve find that with economical 
management, 1 kg. of coal suffices to produce about 2 kg. of electrolytic 
co])j)cr. Taking into account 1 kg. of coal additional for grinding the 
ore, leaching, ]>um])ing, etc., w'o have the production of 1 kg. of copper 
to tlie expe^nditure of 1 kg. of coal. 

The advantages claimed by noepfner for his process were: 

1. Tlic great-er dc^positing power of the current in the cuprous solution, 
affording tivice as much co])])er per hour as would be possible with a 
sulphate proc(‘ss, so that tlie covst of the electric installation is reduced 
one-half. 

2. The highen efliciency of the chloride solutions, which is able to 
extract from th(^ ore all the valuable metals that it contains. 

3. Tlic eonsid(Table dissolving i)ower of the chloride solution, which 
maybe as mucli as loOgrm. of coj)per i)cr liter (1 1/2 lb. per gallon) in 
consequemee of wdiich tlie Icaiching plant may be of comparatively small 
size and demands the expenditure of ],)ut little mechanical power. 

The lio|)(‘s enifu-taimal l)y lloe}>fnc‘r, for his process, were never 
realized. The process was uscmI at the Bchwartzenberger Hutte in 
Saxony from August, 1861, to March, 1802, and also at the Giessen an 
Weidenau works ncMirSic^gcm. The electrolyte used consisted of cuprous 
chloride in calcuim (ddoride. Notwitlistanding certain advantages the 
process was discontinued. The ore treated was cupriferous pyrite and 
phyrotite from Northern Norway. At Schwartzenberg only the richer 
sulphides containing 9.5 to 12.3 per cent, copper, and from 24.5 to 32.6 per 
cent, iron, and from 98 to 56 grm. of silver, per ton, were treated. The 
ore was crushed so fine that on an average 85 per cent, of any sample 
would pass through a sieve with 200 holes to the linear inch, and 96 per 
cent, would pass a lOO-mesh sieve. The ore was leached in large revolv- 
ing wooden barrels holding from 200 to 1500 gallons each, into which 
steam was admitted to hasten the reaction between the ore and the solu- 
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tion, the latter consisting of the cupric chloride from the anodes and 
calcium chloride. 

The barrels gave considerable trouble owing to leakage, which in- 
creased with the rise of temperature and with the growing percentage of 
cuprous chloride in the solution. 

The chemical reaction of a hot solution of cupric chloride on cuprifer- 
ous pyrites and pyrrhotite caused a large portion of the iron to be dis- 
solved and on this account a much higher percentage of cupric chloride 
had to be used in the leaching solution than would seem necessary for 
the ore alone. Generally 50 per cent, of the copper in the ore was obtained 
in the first leaching, but the remainder in the richer ores required 3 or 4 
leachings, and in the poorer ores from ten to twelve leachings were required 
to get a satisfactory extrac^tion on the remaining half. This unsatisfactory 
result was caused by the high percentages of iron in the ore, the absorp- 
tion of water by the calcium chloride, and the consequent dilution of 
the solutions, and also by the insufficient evaporating and heating 
arrangements. The slimes were filter pressed after leaching in order 
to extract as much as ])Ossil)le of the solution from them. The cathodes 
consisted of thin co|)per plates of 0.25 square meter surface, and the 
anodes of paraffined carbon rods. The anode -and cathode compartments 
were separated by a diaphragm of parchment enclosed in jute linen. 
These diaphragms wen-e caisily ruptured so that a mixture of the anode 
and cathode solutions rre([ii(‘ntly occurred. The carbon anodes quickly 
disintegrated, and the fragments of the anodes collected at the bottom 
of the cells, and pressing against the parclimcnt,* produced rupture. 

As a result of these difficulties the daily output of copper of the plant 
was only 50 to 80 per cent, of the theoretical amount. The copper 
obtained by the Iloepfncr ])rocess was of good quality in spite of the fact 
that it was precripitated from somewhat impure solutions. Analysis 
showed only traces of iron, arsenic, antimony and lead; nickel and 
cobalt amounting to ().(}()I2 per c(int. and molybdenum 0.0023 per cent. 

Many of the difficulties whicdi militated against the Hoepfner proc- 
ess at the time these }>lants were in operation, would certainly not 
present any great im|)e(liments at the present time. The cost of fine 
grinding is no longer considered much of a problem, in view of the fact 
that immense quantities of material is ground exceedingly fine and at 
very low cost, in tul)emills, in which the grinding is done either wet or 
dry. The agitation of this product with a leaching solution is also 
easily and cheaply accomplished. The filtering of slimes has also been 
worked out, but tlie filtering of acid copper slimes is not as easy as filtering 
cyanide slimes, nevertheless it should not present any very serious difficul- 
ties. Graphitized carbons have solved the practical difficulty of the 
anode when depositing copper from chloride solutions. Such anodes 
are strong and durable. Diaphragms could very likely be made of 
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asbestos products which would give satisfactory results. Such diaphragms 
are now in commercial use in enormously large plant for the electrolysis 
of salt into chlorine and caustic soda, where the conditions are very 
much more severe than in the electrolysis of cuprous chloride. 

The principal difficulty appears to be metallurgical. The solution 
of large quantities of copper from a raw sulphide ore, with a somewhat 
indifferent solvent like cupric chloride, is a difficulty not easily overcome. 
Roasting with the present efficient mechanical furnaces is neither expen- 
sive nor difficult, and removes many of the objectionable elements from 



the ore. But even with roasted ore, it is questionable if the solvent 
action of cupric chloride would be sufficiently energetic to make a desir- 
able working process. 

To overcome the diaphragm difficulty in the Hoepfner process, Coehn 
proposed a gravity cell, which is interesting and ingenious, but under the 
conditions of practical copper electrolysis it is too delicate for operation 
and it is questionable, even with the utmost care, if it would ever lead to 
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working results, altlioiigh it is well known that gravity cells are in suc- 
cessful operation in the electrolytic decomposition of salt. 

The cell suggested by Coehn is shown in Fig. Gl. Coehn noticed 
that in the electrolysis of cuprous chloride solution at a low current 
density that the cupric chloride produced at tlie anode formed a specific- 
ally heavier solution than the cuprous chloride electrolyte. On account 
of its greater specific weight, cupric chloride sinks to the bottom of the 
electrolyzer, and forms a distinct layer which constantly increases in 
volume, displacing the cuprous chloride electrolyte. By means of the 
apparatus shown in the figure the deposition of the copi:>cr was effected 
without the use of a diaphragm, and at a potential difference of less than 
one-half volt. This gives an output of approximately 74 kg. (1G3 lb.) 
per electrical horse-power day, allowing 10 i)cr cent, loss in current. 

The Douglas Process.^ — The Douglas process consists essentially in 
electrolyzing solid cuprous chloride and employing the gases evolved 
in the treatment of copper ore and matte. 

The solid cuprous chloride may be obtained from copper-bearing 
ores by any method, but will usually be the resultant product obtained 
as descril^ed in the Hunt and Douglas j^rocess, only instead of precipitat- 
ing the copper from the cuprous chloride by iron or lime, Douglas 
precipitates the coi)per l>y electrolysis. 

In the Hunt and Douglas process the ore is acted upon with sulphuric 
acid, producing a solution of copper sulphate; a chloride salt is then 
added to the copper sulphate solution, whic,h. is also subjected to the 
action of sulphur dioxide, when the solid cui)rous chloride is formed by 
the following reaction: 

2CuSC) 4 + 2NaCl + SO., -f 2IL,0 == Cu,Cl , + N a, SO , + 2H,SO 

The solid cui>rous cliloride thus thrown down is rciinoved and placed 
in an electrolyzer, and both the positiv(^ an<l negative elcHdirodc^s inserted 
into the solid mass. Tlio cuprous chloride is slightly .moistened with 
water slightly acidified, to render the electrolytic aedion easier. I^y the 
action of the electric current the solid cuprous (ddoridc is converted into 
copper and chlorine, and by continuing the operation every trace of 
copper can be extracted and the chlorine can be used as a solvent of 
copper by bringing it in contact with moist(med copper ore or matte 
whether the ore and matte be oxidized or not. The absorption of the 
chlorine or chlorine compound, by being brought in contact with the 
moistened ore or matte, can be effected in towers or large earthenware 
tubes, connected with the cells in which the cuprous chloride is elec- 
trolyzed. Fig. G2 shows the apparatus employed by Douglas in carrying 
out his process, in which the vessel or electrolyzer 1 is closed by the 
cover 2 and receives the solid cuprous chloride 3 and electrolyte 4, which 

^U. S. Pat. No. 563,143, June 30, 1890, and No. 664,537, Dec. 25, 1900. 
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varies under different conditions. For instance, at one stage of the 
process the electrolyte may consist of solid cuprous chloride, into which 
the cathode is placed, and wnater slightly acidified with, say, hydro- 
chloric acid, to enable it to conduct the current. As the process goes on 
the current deposits metallic copper and liberates chlorine and chlorine 
compounds, and at the end of this stage the electrolyte is a more or less 
acid solution of the above gases. This electrolyte may be used for 
leaching purposes, and when the solution so obtained is used directly 
as an electrolyte it will contain principally various chlorine and other 
compounds of (‘opiror in addition to various compounds of other metals 



present as impuritie.s. The cdee.trolytc, therefore, is composed of solid 
cui)rouH chloride and a solution containing acid and various compounds 
of copp(w and other metals. The anode 5 is immersed in the electrolyte 
and the (uithode (> is inserted in the cuprous chloride. The tower 8 is 
conn(!ct(id with the ele(!trolyz;(;r by means of a pipe 7. The copper ore 
or matt(i 9 is placcul in tlu5 re(!eptacle 8, and is dissolved by the chlorine 
or gaH(H)us compound of (dilorine evolved from the electrolytic separation 
of the cuprous chloride', in the electrolyzer 1. 

Wlu'u f,h(! coi)pcr ore or matte 9 in the receptacle 8 is subjected to 
chlorine or gaseous compound of chlorine, the compounds of copper 
formed consist in part of cupric chloride, which is soluble in water, and 
in part of cuprous chloride, which is insoluble in water, but may be dis- 
solved by a solution of any of the alkaline chlorides, such as chloride of 
sodium or chloride of calcium, or by the acid electrolyte, which, as stated, 
is one of the results of the electrolytic decomposition of the cuprous 
chloride. If the electrolyte be used to dissolve the cuprous chloride 
the solution may be allowed to flow back into the electrolyzer, where 
the copper can be deposited electrolytically. 
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The electrolytic recovery of the copper from the cuprous chloride, 
as suggested by Douglas, is unquestionably a decided step in advamie of 
the iron or lime precipitation of the Hunt and Douglas process. Many, 
if not all, of the difficulties encountered by Hofmann at Argentine, 
Kansas, would be eliminated. 

In the electrolytic precipitation of the copper from practically the pure 
and concentrated cuprous chloride, a high current efficienc-y and a higli 
energy efficiency may be expected, and the ckiposited co})per should be 
of exceptional purity. 

No electrolytic difficulties could possibly develop whic.h wo\ild l)e 
at all commensurate with the cliemical difficulties the process is 
intended to obviate. 

The Greenawalt Process^ — In the Greenawalt pro(tess the copper is dis- 
solved by dilute acid chloride solutions, and tlien i)r(‘c.ipitated ])y (4e(‘.- 
trolysis, while at the same time the acid, which wa.s combined with the 
copper, is again regenerated and augnumted, at the expense of sulphur 
dioxide and water. Salt is the only (4umiic.al whic.h it is ne<u\ssary to 
provide. Theoretically, the c-hlorine in the sa.lt is not consunuHl; never- 
theless in practice, a])out 1/S lb. of salt should 1)e jn-ovidcnl for every 
pound of copper produced. The oxide, carbonate', and silic.ate or(\s of 
copper may be treated without -roasting. The sul]>hid(\s roa.st.('d. 
If the ore is roasted, salt may 1)(^ addc'd during the roa, sting, but an 
oxidizing roast is pn'ferred unh'ss tlu^ orc^ c.ontains much silver. 

The ore, after being crushed, is ])laced in larg(i hau^hing vat-s, or in 
agitators, for chemical treatim'ut. The first sb'p in the clnrnical ])roc('ss 
consists in combining chlorimq gen(u*atcal from nu'tal (‘.hloridc's by c‘h‘c.- 
trolysis, with sulpluir dioxide prodinaul by roasting (‘<)nc.(mtrat,(‘S or 
sulphide ore, in the presence of wat(U', to form acid. This may ))e shown 
by the following well-known reactions: 

(1) 2GI + + 2 1 1,0 - ir.^R< ) ^ + 2 1 101, 

(2) 2HCI +Cu() -GuCn, + 1 1,0. 

(3) II,H(), + OuO-OiiSb,+ 11,0. 

Both sulphuric acid and copper sulphate reaevt with (‘.ornmon salt to 
form hydrochloric acid or cupric chloride, so that ncutlnu- tin; sulpluiric 
acid nor the copper sulphate could exist in tlic solution. Tluisci well- 
known reactions arc: 

(4) H,S() , + 2NaCl - 2 HOI + Na.,SO 4. 

(5) CuSO , + 2NaCl - CuOl, T Na,SO,. 

Cupric chloride, when warm and in the presence of other metal 
chlorides, acts readily on silver and its compounds in the ore to form 

silver chloride, thus: 

(6) Ag+CuCl, = AgCl+CuCL 

^ E. and M. Nov. 26, 1910. U. S. Pat. 973,776, Oct. 25, 1910, 
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From SO to 90 per cent, of the silver may in this way be extracted 
with the copper, especially if the ore is given a chloridizing roast. If 
the ore contains considerable silver, it is desirable to leach with a fairly 
concentrated solution of base metal chlorides. 

The solubility of chlorine in water is quite limited. By the indirect 
method of combining the chlorine with sulphur dioxide and water to form 
acid, any desirable strength of acid solution may be obtained for the 
copper, and a chlorine solution of sufficient strength for the gold. 

The cupric chloride solution issuing from the leaching vats is satu- 
rated with sulphur dioxide obtained from roasting sulphide ore. This con- 
verts the cupric chloride into the cuprous chloride, thus: 

(7) 2CuCl, + SO. + 2 H 2 O = 2CuCl + 2HC1 + H,SO 

The object of this is: First, the electric current deposits twice as 
much copper, theoretically, per ampere, from a cuprous as from a cupiic 
solution, and with an expenditure of only 65 per cent, of the energy 
per unit of copper. Second, the sulphur dioxide, combining with cupric 
chloride and water, produces large quantities of acid. A molecule of 
acid is in this way regenerated for every molecule of copper reduced 
from the cupric to the cuprous condition. For every pound of copper 
reduced from the cupric to the cuprous chloride, 1.4 lb. of acid is regen- 
erated. Third, the excess of sulphur dioxide combines with the chlorine 
liberated during the electrolysis of the cuprous chloride to precipitate 
the copper, thereby again regenerating 1.4 lb. of acid for every pound of 
copper reduced from the cuprous chloride to metallic copper. The 
reactions are: 

(8) 2CuCl + Electric current = 2Cii + 2CL 

(9) 2C1 + S(), + 2H20 = 2IIC1 + H, 804 + 74,400 calories. 

Fourth, the above reactions give rise to an electromotive force working 
with the current, therc4)y greatly reducing the necessary voltage in the 
deposition of the copper. Fifth, it dispenses with the necessity of dia- 
phragms in the electrolyzers. Sixth, it is possible by this method to 
extract other valuable metals from the ore with the copper, and with 
the same solution. This is not possible when working on a sulphate 
basis. Seventh, insoluble anodes, precipitating metals from chloride 
solutions have proved vastly more durable than when precipitating from 
sulphate solutions. Graphitized carbon electrodes have for many years 
been successful both in the United States and Europe for the electro- 
lytic decomposition of the various metal chlorides, while the production 
of a suitable insohible anode for the decomposition of sulphates may 
still be regarded as one of the unsolved problems of electrochemistry. 

It is evident that in depositing one pound of copper, 2.8 lb. of acid 
is regenerated at the expense of sulphur dioxide and water. This 
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amount of acid is capable of taking up twice the amount of copper fj*om 
which it was precipitated. The regenerated acid solution is again 
applied to the ore, where some of the acid again combines with copper 
and some with the base elements, principally lime, forming the insoluble 
calcium sulphate, which remains in the ore. The sulphuric acid is the 
one which is eliminated by combining with the base elements, while 
the hydrochloric acid combines with the copper, again resulting in the 
formation of the original cupric chloride This cycle of solution, pre- 
cipitation, and regeneration, is repeated indefinitely. When one vat of 
ore is sufficiently treated, the solution is turned into the next. 

All of the metal chlorides have the faculty of displacing copper from 
its sulphate combinations. For example, if there is lime in the ore, as 
there usually is, both the sulphuric and hydrochloric acids may com- 
bine with it. If the hydrochloric acid combines with the lime, the result 
will be the formation of calcium chloride, but the calcium chloride will 
at once react with the copper sulphate in the solution and convert it 
into the cupric chloride, thus: 

(10) 2HCl + Ca0==CaCl2 + IT20. 

(1 1) CuSO , + CaCl, - CuCU + CaSO,. 

It is evident, therefore, that the sulphuric acid is the one whi(;h is 
eliminated by reacting with the base elements; and the sulphuric a(‘.id 
resolves itself back to the sulphur dioxide from i.lu' roasting furnace. 

If there is gold in the ore, the acid chlorides solution is charged with 
chlorine, generated either from the coppeu' chloride or from common 
salt, by electrolysis. It takes 1.7 lb. of salt to prodnee 1 Ib, of chlorine, 
and 5 lb. of chlorine will, ordinarily, extrac^t tlu^ gold from a ton of the 
average copper ore. This chlorine is not lost, but is ultimat(^ly convertcal 
into base or alkali metal chloride, in whi{di form it is again uscal to ex- 
tract the copper and silver from lusw charg(‘S of onu Tlnujnduhudly, 
none of the chlorine used in the process, wlu^tlHU’ free or coml)inc,d, is 
lost. It simply changes its condition from acid to chloride in the leach- 
ing vats, and is again regcn(u*atcd to acid I)y the electrolysis. In prao 
tice there is, of course, a small unavoidable^ loss of chlorine, but this 
should not exceed that contained in 1/S 11). of salt ])er pound of co])j)(‘r 
produced. 

It takes from 1/4 to 1/2 lb. of sulphur, usually in tln^ foriii of sul- 
phide ore, or concentrates, to produce 1 lb. of copper. This sulphur 
is used in the form of sulphur dioxide, produced from roasting the on*. 
After the ore is roasted, it is trcatcid in Icacthing vats or agitators for tlu^ 
extraction of the copper. The sodium sulphate produced in the pnxu^ss 
is inert; its presence in the solution does not appear in any way t.o be 
advantageous, neither does it appear to bo delcterioxiB. It is evidemt 
that as the chlorine is not permanently taken from the cycle of operation^ 
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the sodium sulphate formed will not accumulate indefinitely, but will 
be a more or less constant factoi. 

It will be noticed that sulphur dioxide is the substance consumed in 
the sulphate process, as it is also the substance consumed in the present 
chloride process j but the clcctiolytic deposition in the chloride process is 
from a chloride and not from a sulphate solution. In this way one of 
the greatest difficulties in the electrolytic extraction of copper from its 
oj^es— that of the insoluble anode — is entirely overcome. 

It is intended primarily to work the process with impure solutions. 
Any electrolytic method, depending on pure solutions for success, must 
of necessity be unsatisfactory. Nevertheless, in time the solution may 
contain sufficiently undesirable elements to make their removal advis- 
able. The elements most injurious to copper are bismuth, arsenic, and 
antimony. These, togetlua* with all the metals of the first and second 
groups, may be completely removed from acid solutions by hydrogen 
sulphide, and at the same time regenerating an amount of acid equivalent 
to the metals precipitated. 

Should a more thorough purification be desired, the following method 
is preferred; Salt (NaCl) is electrolyzed to produce chlorine and caustic 
soda, thus: 

( 12 ) NaCl + H 2 O + Mectrif^ current = Cl + NaOII + H. 

The chlorine thus ()btain(^<l is convented into aend, thus: 

(13) 2C1 -hSO^ Y2\I,0 -h 2 NaCl -4,HCi + Na,SO„ 

which is used to dissolve more copper from the on^. The caustic soda 
is used to purify the s()lutif)n by pre(n])itating out the base elements, thus: 

(14) RCI 3 -h 2 NaO II - 2 NaCl + R(0 1 1) „ 

after which the purifiCMl solution, regenerated in salt, is filtered from the 
precipitated hydroxides. 

Two kilowatt-hours, (u)sting from 1/2 to 4 cents, will produce ap- 
proximately 1 lb. of chlorine, capable of dissolving 2 lb. of copper, and 
1.2 lb. of caustic soda whic^h, at the same time, is used for the purification 
of the solution and regeneration of the salt. From this it will be seen 
that the purification of the solution is a negligil)le matter. 

Iron cannot well accumulates in the solution in the operation of the 
process. Ferrous chloride is a good solvent of copper, but in dissolving 
the copper the iron, is precipitated as the insoluble ferric oxide, and is in 
this way continually eliminated from the solution, thus: 

(15) 2 FeCl 2 -b 3CuO + CuCI^ + 2 CuCl. 

(16) 2 FeCl 2 + SCnCO, 4- CuCl^ +2CuCl + 3 CO 2 . 

It will be seen from this that the iron is not only eliminated, but that 
the chlorine, combined with the iron, renders its equivalent in copper. 



ELECTROLYTIC PROCESSES 


353 


In this respect the chloride solution has an advantage over a sulphate 
solution, since in a chloride solution the iron is continually eliminated as 
the ferric oxide, while in a sulphate solution it changes from the ferric 
to the ferrous Condition in the ore and back again in the electrolysis, 
but it may not be eliminated. 

The iron in the chloride solution as it is applied to the ore will ]>e in 
the condition of ferric chloride, and the ferric chloride is not only a good 
solvent of copper, but is also an excellent chloridizer of the silver whi(di 
may be contained in the ore. 



Fig. 63. — Grecnawalt chloride process. Diagrammatic sketch. 


The accompanying sketch, Fig. 63, shows in a genend way the op(ira- 
tion of the process, in which 1 is a leaching vat, containing the ore to 
treated. An agitator would do quite as %vell as the leaclung vat, but 
this point is immaterial in the operation of the |)roceHH. 

The acid chloride solution, coming in (jontac.t with the ore, redacts 
with the copper compounds, as shown by equations (2) and (3), and tluMi 
issues from the vat or agitator, as a solution of cupric chloride, contain- 
ing also, perhaps, some cuprous chloride, anti flows into stoi*ag(^ auid 
regulating tank, from whence it can bo passed through tlu^ rediudng 
tower, in an even and continuous stream. The solution dri|)ping down 
through the tower, while in contact with sulphur dioxide, generated in 
SOg apparatus, converts the cupric chloride into the cuprous chloride 
according to the reaction shown by equation (7) . 

The partly regenerated acid cuprous chloride solution, which will also 
usually contain an excess of sulphur dioxide, flows into storage and 
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regulating tank, from whence it is drawn into the copper electrolyze, 
as desired. In the electrolysis copper is deposited and chlorine 
liberated. Any tendency of the liberated chlorine to convert the cuprous 
chloride back to the cupric chloride will be immediately checked by the 
sulphur dioxide in the electrolyte. In working with reasonably high 
current densities, almost all of the chlorine will make its appearance as 
the gas, and is conducted by means of a pipe and exhauster, to the 
acid tower. The excess of sulphur dioxide from the reducing tower 
may also be conducted to the acid tower. The electrolyzed solu- 
tion, now deprived of most of its copper, flows into a tank, where by 
means of pump, and pipe, it is elevated to a storage and regulating tank 
and from there drawn into the acid tower as desired. The solution 
dripping or sprayed through the acid tower, coming in contact with the 
chlorine from the electrolyzer, and the sulphur dioxide from the sulphur 
dioxide generator, reacts to form acid according to equation (1). The 
acid solution flows into a storage tank, where it may be drawn into the 
leaching vat or agitator, as desired. The original condition of things 
has been re-established, with the difference that an excess of acid has 
been regenerated. This excess is consumed by the base elements in the 
ore, and precludes the necessity of getting acid from extraneous sources. 
If the ore contains gold a chlorine solution for the extraction of the 
gold may be obtained by simply temporarily shutting off the sulphur 
dioxide from the acid tower, in which case no sulphur dioxide being 
present to convert the chlorine to acid, the chlorine will remain uncom- 
bined, and in solution, ready to act on the gold, or on the silver, in 
the ore. 

Application of the Process , — ^The ores best adapted to the process 
are those which are highly silicious, preferably oxidized, and contain- 
ing but little lime. Such ores are most difficult to smelt, since they 
contain little or no fluxing material, and usually not sufficient 
sulphur to form a desirable matte. The ores suited to the process 
may be classified as follows: 

Silicious oxidized copper ores, containing the copper either as the 
oxide or carbonate. 

Silicious sulphide ores. 

Silicious copper ores containing silver, gold, or small c^uantities of lead. 

Silicious gold and silver ores containing copper. 

Copper concentrates which may contain silver, gold or lead. 

If there is lime in the ore, it will not be present in the concentrates in 
injurious amounts. Zinc is harmful but not serious in small quantities. 

Up to the present no satisfactory chemical process has yet been 
disclosed for the treatment of silicious gold and silver ores containing 
copper. It is claimed for this process that it solves the problem of the 
treatment of these ores. Not only is the gold and silver recovered satis- 
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factorily, but the copper in the ore is a benefit to the treatment, and is 
recovered at a profit. 

The elements most injurious to an electrolytic process, and which 
are frequently found in copper ores, are calcium, magnesium, aluminum, 
and zinc. Any other elements offer no serious obstacle to the process. 
Of the injurious elements, the quantities which arc fatal depend largely 
on the way they are combined in the ore. For example, calcium occur- 
ring as the sulphate, gypsum, is unaffected by the process, but calcium 
occurring as the oxide or carbonate, lime or limestone, is likely to give 
trouble if present in considerable quantities. If the ore contains much 
iron, roasting is desirable; if it contains sulphides, roasting is necessary. 

Plants may be erected of any size and operated in any unit. For 
economic reasons, however, it will not ordinarily be desirable to erect 
and operate plants of less than 25 tons per day. For large plants a 
unit of 250 tons, or even 500 tons per day, will probably l)e the most 
convenient. The power consumed in the electrolysis is proportional to 
the amount of copper deposited. 

The fineness to which it is desiral)lo to crush the ore will depend 
largely on the nature of the ore. Some (;ar];)onat(‘s may l)c most economi- 
cally treated by crushing no finer than four to eight mesli, while with sul- 
phides it is advisable to crush to 12 or 10 Tiu^sh. If agitation is resoided 
to in the chemical treatment instead of ])or(‘-olation, i.he ore may be crushed 
to any degree of fineness desircKl, as now doiui in most ])huiinS treating gold 
ores by the cyanide prociCSB. Tlic Bul])hur us<‘,d in the process may bo 
obtained from any source, and it may bo eitluu' in tlie form of sulphur 
or of sulphide ore. Ordinarily the Hiili)hur dioxide will l)e obtained 
from roasting sulphide ore, in wliicdi the roasting is preparatory to 
further metallurgical treatment. 

The copper is deposited by the elecitric current in a granular condition 
and does not adhere to the cathoch^s. It is of exc(q>ti()nal purity. If 
carefully washed to free it from soluble salts, it will assay 99 per cent, 
purity before melting and casting into ingots. It is not intended by 
this process to make ehuvtrolytic copper direct from the ore, neverthe- 
less, if the ore is not too complex, it is reasonably certain that copper 
can be produced which, after melting and fusion refining before casting 
into ingots, will equal in grade cither I^ikc or hllectrolytic copper. A 
good grade of copper can be produced from any ore. 

The copper as deposited in the clectrolyzcn* is accumulated from time 
to time, washed, and charged into an ordinary reverberatory melting 
furnace and cast into ingots, or into anodes if the copper coxitains suf- 
ficient silver and gold to warrant electrolytic refining. During the 
operation of melting it can also be refined. The copper may be with- 
drawn from the electrolyzers in about ten minutes. Ultimately electro- 
lyzers will be built so that the copper may be withdrawn while they are 
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in operation, so that it will not be necessary to put them out of commis- 
sion except for repairs. The gold and silver extracted from the ore may 
be deposited with the copper, or separately, if desired. If the copper 
needs electrolytic refining there would be no advantage in depositing 
the metals separately. 

The percentage of extraction that may be expected will depend 
much on the nature of the ore. On several tons of Arizona carbonate 
ore, assaying 13 per cent, copper and 5.3 oz. silver per ton, the tailings 
assayed 0.25 per cent, copper and 0.4 oz. silver per ton, showing an 
extraction of 98 per cent, of the copper and 85 per cent, of the silver. 
On a somewhat similar ore from Utah, there was no difficulty in getting 
an extraction of 99 per cent, of the copper. The ore in these tests was 
treated raw, crushed to 4 mesh. On some pyritic concentrates from 
New Mexico, assaying 10.2 per cent, copper, an extraction of 90.5 per 
cent, was obtained in a test treating two tons of the material, crushed 
to 12 mesh, and roasted. A silicious sulphide ore from the San Juan 
district in Colorado, assaying 6.8 per cent, copper and some silver and 
gold, showed an extraction of 94.5 per cent, of all the metals, with the 
ore crushed to 16 mesh and carefully roasted. 

The testing and experimental plant in Denver is capable of treating 
from 8 to 10 tons of ore at a time in vats holding 5 tons each. 
A 25-h. p. boiler and 20-h. p. engine furnish the power to drive a low 
voltage dynamo of 500 amperes. Two electrolyzers, each having a 
capacity of 500 amperes, are used to precipitate the copper. After 
an efficiency test the precipitated copper is carefully collected, washed 
to free it from soluble salts, dried and weighed to ascertain both the 
current and energy efficiency. A furnace having a capacity of three 
tons per day is used to roast sulphide ores preparatory to chemical 
treatment. 

From such tests, covering a wide range of conditions, the basis of 
power consumption in the electrodeposition was obtained. One of the 
principal factors in these conditions was the current density, which was 
varied from 6.2 to 66 amperes per square foot. The average of these 
tests, taking good, bad, and indifferent, ranging over a period of several 
years, shows that a pound of copper was deposited per kilowatt-hour, and 
this is made the present basis of costs and power. The best tests show 
over 100 per cent, better than this; some as much as 2.6 lb. per kilowatt- 
hour. It is reasonable to suppose that with experience, and further 
investigation as to the cause of the principal loss of efficiency, there 
should be no difficulty in bringing the average up to the best yet recorded, 
or 2.6 lb. per kilowatt-hour. It is safer, however, to take the average 
efficiency until the higher efficiency is permanently established. Even 
the higher efficiency is only about 50 per cent, of the theoretical amount, 



ELECTROLYTIC PROCESSES 


357 


so there is an extremely wide margin for improvement in tlio saving of 
power from the basis of 1 lb. of copper per kilowatt-hour. 

During all these tests at the Denver testing plant, the same solution 
was used; it was never purified, nor has any acid been added since the 
first test, over two years ago. The tests were made intermittently during 
that period. The Acheson graphite electrodes used during these tests 
have never been replaced and, in fact, do not show any perceptible wear. 
Comparative tests were made with and without diaphragms, with the 
result that the diaphragms have been permanently discarded. 

The cost of power varies greatly in the various copper-mining dis- 
tricts of the world. In large installations, under ordinarily favorable 
conditions, there is no reason why power should not be produced for 
$50.00 per kilowatt-year, either with hydroelectric, gas, and possibly 
steam installation, assuming that for gas and steam the power is located 
at the railroad and the power transmitted to the reduction works. In 
one of the large typical hydroelectric installations in Colorado, the 
power costs approximately $25.00 per kilowatt-year, with an installation 
of several thousand kilowatts. 

On a cost basis of $50.00 per kilowatt-year for the power, the cost 
per pound of copper for electrodeposition, on a basis of 1 pound of 
copper per kilowatt-hour, would be 0.58 cent, and for $25.00 per 
kilowatt-year it would be 0.2S9 cent. It is reasona))ly certain, 
however, that even these costs can be cut in half with further information 
on the process as to the best working conditions. In this (ioniu^ction it 
must be remembered that the power consumed also rcgemu’atcjs the acid, 
so that the cost of 0.58 cent is comparable to the coml)inod cost of a(ud 
and iron consumed in the ordinary sulphuric acid process. 

The electrolyzers are entirely automatic. No diaphragms are (em- 
ployed, and the cells require no further care than to remove the granular 
copper at stated intervals, which may vary from a day to a week, or evcui 
more. The acidity of the solutionis also easily ix^gulated. The amount of 
acid regenerated is at least twice that combined with the (topper. Presum- 
ably the acid consumed by the matrix of the ore is a constant factor; 
that is to say ore containing 1 per cent, of copj)cr will consume alxnit 
the same amount of acid due to foreign substances, sucli as lime, as ore 
from the same mine having 10 per cent, copper. A 10 per camt. ore, 
containing 200 lb. of copper, will regenerate 5G0 lb. of acid, whereas a 
1 per cent, ore, containing only 20 lb. of copper, will regenerate only 
56 lb. of acid. It is, therefore, easy to regulate the acidity of the solution 
by regulating the quality of the ore, although other means are easily 
available. 

at was clearly established in the tests in electrodepoBition that the 
efficiency drops quite rapidly as the solution becomes impoverished in 
copper, and if it is too highly acid. In some of the tests the solution 
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showed less than 1 per cent, copper, and it was in these tests that the 
lowest efficiencies were obtained. 

In determining tlie energy efficiency for any commercial plant much 
will depend on local conditions, especially as to the cost of power. If 
the power is cheap, it would be wise to drive the electrolyzers at a high 
current densit}’’, whereas, if the power is limited or expensive, better 
average results will ])e obtained at the lower current densities. 

In the description here given, zinc has been considered as an injuri- 
ous element. It is evident that the i^ossibilities exist in the process of 
turning the zinc to profitable account, but as no exhaustive work has 
been done along tliis line of the process, nothing is at present claimed 
for it. Tlie same is true of its application to copper-nickel ore or matte. 

The approximate cost of installation and operation of extracting 
copper by this method, from data obtained at the Denver testing plant, 
is summarized below. Tlie figures are based on a treatment of 100 tons 
of 5 cent, ore (net) per day; $50.00 X)ower cost j)cr kilowatt year, 
and 1 lb. of co|)per (l(‘X)osit,ed X)er kilowatt hour. 

Approximate Cost oe Plant 


Power installation, $50,000 

Motor-Cienerator S(‘t; 5000 ainp(‘res, 110 volts, 10,000 

Pkictrolytic depart riHtnt; deetrolyzers, ca)>l(‘s, etc., 25,000 

L(‘aehing department, taghi 1 00-ton vats, pumps, tdc., 10,000 

Crushing d(^partment, crusliing to 0 or S mesh, 15,000 

Miscellaneous, 10,000 


$ 120,000 

Cost of Treatment 

P(ir ton of ore 


Crushing, 8 mc‘Kh, $0.20 

Leaching, 0.15 

Klect.rodcposit ion an<i reg(‘iHTution, not including pow(T, 0.25 

PowiT, el(TtrcKh‘po.sition, 420 k. w., 0.58 

Kepairs, rt^newals, etc., 0.10 

Melting and easting into ingots, 0.05 

Su|)<‘nntendenc(‘, 0.10 

Iniensst on iuvc'st.numt, $120,000, at 0 p(T 0.20 

Amortization, $120,000, at 10 per c(‘nt., 0.33 

Total cost, p(T ton of ore, $1.9G 

Total cost, per j)ound of copper extracted, 1 . 96 


If the ore is a sulpliidc and has to be roasted, $30,000 should be added 
to the cost of installation, and 75 cents per ton, to the cost of treatment, 
making a total cost per ton of ore treated, of $2.71, and per pound of 
c,opper extracted, 2.71 cents. 

These costs include the extraction of the silver and gold, if contained 
in the ore, and also small quantities of lead. It does not include general 
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expenses of administration away from the reduction works, since such 
expense may be almost anything that the officers of a company may 
choose to make it. The copper produced is of sufficient purity to be 
sold direct to any consumer. 

ANHYDROUS CHLORINATION PROCESSES 

. At certain moderately elevated temperatures, chlorine will displace 
sulphur quite completely from its sulphide combinations with the 
various metals. Processes have been based on these reactions, by elec- 
trolyzing a chloride, either in fusion or in aqueous solution, and com- 
bining the chlorine so produced, with the metals occurring as sulphides 
in the ore, instead of roasting. The chlorine converts the metals into 
chlorides, most of which are soluble in water or in a chloride solution. 
The metal chlorides are then dissolved from the gangue, and usually 
precipitated separately. The order of precipitation of metals from 
their chloride solutions arc: platinum, gold, silver, mercury, arsenic, 
antimony, bismuth, copper, tin, lead, iron, zinc. By a method of sub- 
stitution, therefore, it is possible to precipitate the nuitals, or their 
respective salts, separately, until finally a solution of zinc, chloride is left. 
The chloride of zinc is then electrolyzed, either in aqueous solution, or 
the zinc chloride solution may be evaporated to dryness and electro- 
lyzed in a fused condition. In either case zinc is (kqiositcMl at the (uithode, 
and chlorine released at the anode, which then a.gain goes througli the 
same cycle in the treatment of fresh ore. 

The Swinburne “Ashcroft Process. — The first and most comprehensive 
process to be tried on a commercdal scale, bascnl on anhydrous chlorination, 
was that devised by Swinburne and Ashcroft.^ 

In the Swinburne-Ashcroft process, if there is a single siil])liidc, it is 
first treated with chlorine, so as to disphujc the sulphur and absorb 
chlorine; the chloride is then electrolyzed to ged tlui metal and recover 
the chlorine. If there is a mixture of sulphide's, say of zinc and of other 
metals, the process may be divided into three stagx^s; the first is the 
treatment with chlorine, in order to change alltlie sulpludc^s into chlorides; 
the second step is the chemi(ail treatment of the mixed chlorides, by 
substitution, so that finally all the chloriiu^ is comlrined with zinc; the 
third step is the electrolysis of the zinc chloride to (xxtract the zim; and 
recover the chlorine. 

If pure galena is to be smelted, it is treated with hot chlorine, so as to 
form lead chloride and sulphur. The sulphur is (mndensed as brimstone, 
and the lead chloride is electrolyzed in the fused state, producing lead 
and chlorine. If there is silver or gold present, the fused chloride of 
lead is treated with metallic lead. This replaces any gold or silver there 

^ James Swinburne, paper read before the Faraday Society, June 30, 1903. 
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may be, and the precious metals* alloy with the remaining lead, so that 
ultimately, a bullion is produced as rich as may be desired, the only 
limit being its melting point which must not be too high. 

The application of the process to a complex ore, containing copper, 
zinc, lead, etc., as the Broken Hill ore, may be described in detail. The 
crushed ore is run into a ^‘transformer.” This looks like a small blast 
furnace made of fire clay with iron outside, or of lined iron. It runs 
continously. When a tapping has just taken place, the transformer 
contains about a hundred-'weight of fused chlorides and gangue. The 
gangue almost floats in the chlorides. If much lead is present, much of 
the gangue floats, so there is no caking or splitting up. The top of the 
transformer has a cone like a little blast furnace. Ore is poured into 
the fused chlorides, and at the same time chlorine is blown in. The 
chlorine enters at the bottom ])y a sort of tuyere, which is a carbon tube. 
The cold part of this tul)C is connected with iron pipe, which brings the 
chlorine. Dry cold chlorine is easy to handle. It does not touch 
metals, and iron (‘.an be freely used. The chlorine bubbling through the 
fused mass displaces the sulj)hur, which comes off and is condensed. The 
action of the chlorine on the sulphides evolves a great deal of heat, so 
tliat the transformer is self heating and there is no coal or coke firing, 
or outside heating of any sort. The temperature is controlled by the 
rate of admission of chlorine and ore. If the temperature is too low, 
cliloride of sulphur may be formed. This may also be formed if there 
is a deficiency of ore supply. On the other hand, if the chlorine and ore 
arc supplied too <|ui(!kly, the transformer will get too hot, and some of 
the chlorides will distill over and be condensed with the sulphur. The 
temperature is the main consideration in d(d,ermining the size of the 
transformer- It is Ix^st to luive large transformers. 

The pumping of dry chlorine pre^sents no difficulty, and a chlorine 
pump will run day and liight continuously witliout troul)lc. The dryness 
of the chlorine is of vital im])ortanc(n 

Now begins the s(H*ond stage of the process. The fused mass from 
the ti'ansforiner consists of chlorid(\s of (*opper, huid, zinc, iron, manganese, 
silver and gangue. It is run into water and through a filter press when 
cool enough. This takers out the gangue and lead chloride, carrying most 
of the silver. The gangue is s(^parat('d from the lead and silver chlorides, 
and these chlorides are then dri(Hl and fused in contact with lead, which 
extracts the silver and any gold; and then with zinc, which gives lead, 
practically pure, and anhydrous neutral zinc chloride, which is ready 
for the (dectrolysis vats. 

The filtrate from the press contains copper, iron, manganese, and 
zinc. The copper is taken out as sponge or “cement copper” by zinc 
and there are left iron, manganese and zinc chloridewS. The iron is chlor- 
inated up to the ferric state, and zinc oxide is added to cause precipita- 
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tion. This throws down hydrated ferric oxide. This is the base of iron 
paint and is marketable, its value depending upon the color obtained. 
The solution is further chloridized in presence of more zinc oxide, and 
the manganese goes down as peroxide. Zinc has now been substituted 
for all the other metals in their chlorides, and nothing is left but zinc 
chloride. 

The third step is the treatment of the zinc chloride. If it was obtained 
by the wet way, it is evaporated down carefully and fused. This de- 
composes some of the chloride and makes oxychloride. The anhydrous 
neutral chloride is then added to that from the lead substitution, and 
is taken to the final electrolysis vats. 

The electrolyzers are internally heated. The cathode is fused zinc 
and the anode is carbon. The chlorine has no action on the carbons. 
The electrolyzers are kept under a slight suction, so tliat if there are any 
leaks air goes in instead of chlorine coming out. The carbons are not 
hot enough to be burned by this small admission of air. As tlic electro- 
lyzers are kept warm by the excess of the electrical power over the chemical, 
the larger the cell, the lower the electromotive force. So far, 3000 amperes 
have been used, but this means a very small cell. The output of fused 
salt is enormous as compared with aqueous work. With these cells 4 volts 
per cell is needed; with 10,000 amperes 3 volts should do. The cur- 
rent efficiency is practically 100 per cent. The electrolyzers are iron, 
cased with fire brick; the chloride soakes into the porous brick and 
solidifies somewhere, so it is really a cell with zinc cliloride walls. 

Baker-Burwell Process^ — ^In this process tlui finely pulverized, pra(‘.- 
tically dry ore is placed in a porcelain-lined tube mill provided 
with lead lined trunions, and supplied with flint |>(^l)l>les. This mill 
is considered to be necessary for the work. Tlu^ clunnical action 
between the chlorine and metal sulphidc^s gencu-ates so much luuit 
that the chloride formed becomes melted, or volatilized, and spreading 
to the surrounding particles covers them over as by a varnish, prevent- 
ing further action by chlorine. As the drum nwolves, the flint pebl)les 
grind the particles, presenting continuously fresh surfaces to be acted 
upon. They also tend to break up or prevent any clogging or l)alliTig 
of the mass. The gas is admitted to the drum, and acts at once on the 
ore. The metals combine with the chlorine, lil)erating the sulphur. 

As the chemical attraction of chlorine is greater for the metals than 
it is for sulphur, sulphur chloride is only formed as the metal content 
decreases. The drum revolves during the operation, and the chlorin- 
ation of the metals is effected, leaving sulphur free with the gangue, 
provided no heat is applied and the supply of cldorine stopped when the 
metals are chloridized. But if the drum be heated, sulphur chloride is 
formed, and at about 150° C. is expelled as a gas and may be condensed, 

^ IN'. Y. Meeting Electrochemical Society, Oct., 1907 
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If tlie ore treated contains gold and silver, the contents of the drum 
after chlorination, is emptied into leaching tanks, the soluble chlorides 
removed, leaving behind in the gangue with the free gold, any insoluble 
silver or lead chlorides remaining. In the presence of plenty of other 
chlorides they are botli soluble, and in most cases they will be carried 
forward with the other solutions. During chlorination, the iron forms 
ferrous chloride, and gold will not become soluble in its presence, nor 
when chlorine is dry. The gangue, freed from all base metals and con- 
taining the free gold, is in fine condition for gold extraction. It may be 
recovered by wet chlorination, by cyaniding or by amalgamation in bar- 
rels. It will be too fine for plate amalgamation. Silver may be removed 
by lea(‘hing with sodium hyposulphite. Purification of solution follows: 
(Jranulated lead precii)itates copper, granulated zinc precipitates lead. 
The remaining solution would then contain ferrous and zinc chlorides. 
Chlorine must l)e su])})lied to make the iron ferric, then zinc oxide pre- 
cipitates ferric^ hydroxide, forming zinc (‘hloride. Electrolysis then 
])r()duccs practically pure zinc-, and the chlorine is li]>erated for use again. 
If the ore to be treated contains ])rinci])all3' co])per, it chloridizes as cup- 
rous and cupric salt , eillicr or bot.h. If it should be cuprous it is then 
only partially s()lu])le. Ihit it is readily solulde in other chlorides, 
es])ec.ially of sodium or calcium. Klectrol\’'sis then produces copper, 
liberating chlorine, the iron chloride remaining undecomposed, at the 
low voltage us(‘d for co])]kt electrolysis. No d(‘])()sit of copper takes 
place until the cathode copper becomes cuprous. 
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EXTRACTION OF PRECIOUS METALS FROM COPPER ORES 

Copper ores, containing considerable value in precious metals, have 
not been successfully treated on a commercial scale by any hydrornetal- 
lurgical process. It is true that in treating cupriferous ores, precious 
metals have been extracted incidentally to the process, or combination 
of processes, but in such cases the copper was usually considered as a 
deleterious element. Combinations of processes have been suggested, 
but these have been too expensive in practical application. 

Gold and silver ores, containing only small quantities of copper, 
have been successfully treated by the chlorination and cyanide proc- 
esses, but in such instances the copper content of the ore was small and 
the process worked at a disadvantage with the copper, and the copper, 
as such, was not profitably recovered. A successful method to treat 
such ores must recover all the valuable metals at a profit. 

The carbonates of copper, azuritc and rnalacliitc, as well as the 
oxides cuprite and tenorite, are attacked by cyanide with extreme 
rapidity, and arc troublesome cyanicidcs. The sulphides of copper are 
much less readily acted upon by cyanides than are the car])onatcs and 
oxides, but they gradually dissolve. The sul)-8ulphide of copper, covel- 
line, is easily attacked. The silicates arc also dcicomposed- 

The difficulties encountered in the cyanidation of cupriferous ores 
containing precious metals, may be summarized as follows: 

1. The copper goes into solution, forming a double cyanide with the 
alkaline cyanide, so that beyond a certain narrow limit the consumption 
of cyanide becomes prohibitive. 

2. The metallic copper deposited by tlie zinc sliavings in the boxes 
forms a coating over the zinc which prevents the effective deposition of 
the gold and silver. 

3. The presence of the copper in the precipitate results in a low- 
grade bullion which is difficult and expensive to refine. 

Similarly, if the ore is treated by chlorination, tlie consumption of 
acid and chlorine is increased, and the precipitate obtained is base. 

Various methods have been and may be suggested for the treatment 
of copper ores containing other valuable metals. These may be sum- 
marized as follows: 

1. Extracting the copper from the ore with acid (or perhaps alkaline) 
solutions, followed by cyanidation. 
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2. Extraciinti; t]u‘ c‘()p])(‘r from llu‘ oro willi acid solutions followed 
l)y (*hlorinatioii. 

3. Sinuili.aneousl}" extracting- the c, upper and precious metals with 
or without chloridizint^ roasting, using an acid chloride solution con- 
taining free chlorine. 

Tlie treatinent of tlie ore with acid for the extraction of the copper, 
followed by cyaniding, looks feasible enough, but the thorough washing 
rcapiired and the ap])lication of alkaline washes before the cyanide is 
ap])lied, involves an ex|,)ensc which has hitherto precluded its general 
a])|>lication, (‘ven to ores containing only a very small percentage of 
c()pi)er. On a la]>oratory scale tiu^re is no difliculty in clianging a small 
amount of ore from acidity to the alkalinity required for successful 
cyaniding; in ]>ractice, on large quantities of ore, such a procedure is a 
scu'ious problem. liy percolation it is vastly more serious than with 
agitation. When large quantities of ore arc treatcal with an acid solu- 
tion in a leaching vat, it is im])racticable to neutralize this acidity and 
bring it to the desinal alkalinity. There are a number of reasons for 
this; among whi(*h may be numtioned the uneven percolation of the 
()rc‘ disintc^graie<l by the acid solution, so that the displacing of the acid 
with some* otluu' solvent, or even wit h wash water, is difficult. Further, 
the a(d(l disint (‘graters some of th(‘ ore, and tliese disintegrated compounds 
have an injtirious efYcnd on cyaiuMe. Ferrous sulphate, for instance, 
is onc^ of the unavoidable^ products of sulpluiric acid leaching, and the 
f(U*rouH Kuli>hat(% in tlie pores of the ore, is diflumlt to displace or 
to m^iitralize. If iho ore is agiiatenl instf‘ad of pcuxuilated, the neutral- 
ization can more thoroughly ac(a>mplish(Hl. If the ore is agitated it 
will be necessary to first filtcw or (haaint the a(‘id (‘opper solution from 
the ore, then wash thoroughly to remove all the dissolved copper, and 
them again agitate witli an alkalim^ solution bedore it is desirable to apply 
tlie cyanide. On the whole, th{U*(d<»nq unless the ore is (piitc rich in the 
pre(‘ious metals, the vximvium of the copper with an acid solution 
followcal by a cyaiiidt* solution f(vr tlie extraction of the silver and gold 
do(^B not secern atlraciivtx On tlu^ other hand, in the chlorination mills 
of Cripiih? Oeck, tlie roasted ore is first treatral wit h from 15 to 20 lb. of 
lileaeh and from 30 to 40 lb. of atdd, |)er ton, aftiu* which the ore is 
cyanided after thorough washing. Mu<*h depemds on tlie nature of the 
ore; roasted pyriiic cunecnirates or highly silicious ore, should not offer 
any serious difficulty; but ores difficult to settle or difficult to filter 
would doubtlesH give trouble. It is probable that no ore containing 
copper as the most valuable constituent, has ever been successfully 
cyanided for the contained precious metals. If the copper can be ex- 
tracted by an alkaline solvent, then the cyanidation of the ore for gold 
and silver seems more encouraging. 

It is advisable in treating leached copper ores with cyanide that the 
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residues be thoroughly washed to remove both the acid and copper. 
If the acid is not thoroughly removed more alkaline material is required 
to neutralize the ore, and as each pound of dissolved copper combines 
with about 4 lb. of potassium cyanide, the consumption of cyanide 
will be unduly large. 

Scrygmore proposed a method of cyaniding cupriferous ores, depend- 
ing on the property of cupro-cyanide of potassium to dissolve copper in 
certain minerals. The cupro-cyanide is obtained by heating the cuprif- 
erous ore with a sufficiently dilute cyanide solution. When the cupro- 
cyanide solution has dissolved its maximum of copper, in the form of 
sub-cyanide, the excess of copper is precipitated electrolytically with 
regeneration of part of the cyanide. Then the ore is ready for the oridi- 
nary treatment with dilute cyanide solution. 

The method proposed by Bertram Hunt depends upon the protective 
influence of ammonia as well as its dissolving powers for copper. The 
ammonia and cyanide are employed in the same solution. It is well 
known that the double cyanides of copper and potassium exert a solvent 
power for gold, but not so well known is the solubility of the cyanides 
of gold, silver, and copper, and other base metals in ammonia. In the 
treatment of cupriferous gold and silver ores by the Hunt process, the 
strength of solution in ammonia is varied according to the copper content, 
as well as the combination in which the copper is found. On material 
containing a few pounds of copper per ton, such as Comstock tailings, 
where the copper is commonly found as cupric oxide, it was found 
necessary to use as high as 8 lb. of caustic ammonia to the ton of 
solution. The strength of cyanide was 0.05 per cent, or 1 lb. to the 
ton. On this material, which could not be treated by ordinary cyaniding 
methods, the loss of cyanide was 0.06 lb. per ton. The original tailings 
assayed $1.45 in gold and 1 oz. in silver, and the lowest tailings after 
treatment showed a perfect extraction of the gold and 85.9 per cent, of 
the silver. 

When an excess of cupric oxide is dissolved in ammonia with less 
cyanide that will combine with the copper, then cupric cyanide of the 
alkali is formed which exerts a solvent action on the gold equal to that of 
cyanide of potassium itself. Any salt of ammonia may be employed 
instead of the hydrate, provided lime or other alkali is added to the ore. 
Any oxidizing agent may be employed also. If the ore contains any 
ferrous salts these should be removed by adding to the ammonia solution 
an oxidizing agent previous to adding the cyanide. Atmospheric 
oxidation may also be used. This prevents the formation of ferrocyanide. 

At Dale,- San Bernardino County, California, a complex ore in which 
copper was present as silicate, was treated as follows: In crushing, 
8 lb. of quick-lime were added per ton of ore, and in the vats the ore was 
treated with a 0.15 per cent, solution of potassium cyanide to which had 
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been added 6 lb. of ammonium chloride per ton of solution. This was 
allowed to remain for 12 hours in contact with the ore, after which the 
latter was drained and washed, the operation requiring 6 days. The 
filtrate was run through zinc boxes as usual. When using the ordinary 
cyanide solution, there was a loss of 8 lb. cyanide per ton of ore treated, 
wdiile by the above method, this was reduced to 1 lb. per ton. 

Cyaniding of the Cupriferous Gold Ore of the Bagdad Gold Mining 
Co., at Camp Rochester, in the Mohave Desert.^ — The ore mined by this 
company is an altered eruptive rock, silicified, and containing iron 
oxide, malachite, and chrysocolla, with a gold value of $20.00 per ton 
and upward. 

Slacked lime is added to the ore in the tanks for neutralization, and 
also 1 lb. of ammonium chloride for every ton of ore. The ore is 
then leached with a strong solution of potassium cyanide, which dis- 
solves the copper, gold, and silver. The solution is precipitated with 
zinc thread, the high tenor of the solution in KCN preventing to a large 
extent the precipitation of the copper in the zinc boxes. The solution 
is then led to a tank, where the copper is precipitated with zinc dust, 
agitation for several hours l>eing necessary to complete the precipitation. 
The amount of zinc dust required is from 1 to 1.5 times the amount of 
copp<n' present in the solution. 

Cyaniding of Cupriferous Gold Ore, Santa Rosa, Salvador.^ — At the 

mill of the San Hc‘bastian mine, located near Santa Rosa, Salvador, the 
ore is treated l)y cyanidation with electrolytic precipitation. The 
quantity of (‘(>]>per in the ore varies, and apparently bears no close 
relation to the gold content. The amount of copper extracted by the 
cyanide solution averages from 1.5 to 2.5 lb. per ton of ore treated* 

The solutions entering the electrolytic preeipitatioix boxes, from May 
1905 to April 190(), averaged 0.089 per cent, of copper and 0.118 per cent. 
KCN. The solutions leaving the precipitation boxes during the same 
intevrval, averaged 0.0(>35 per (umt. copper and 0.151 per cent. KCN. 
The ratio of gold to cojxper pre<;i]>itated was 1 :9.37. 1.14 lb. of KCN 

was n^generaied ]>er x>nund of copper ami gold ])recipitatcd, or 28.46 
per cent. Tlu^ average composition of the precipitate was: Gold 3.73 
per cent.; copixer, 65.0 per cent, and the remainder was lead from the 
catliode. 

Cyanide treatment of Cupriferous Tailings, from the Cobar Chesney 
Mine, Cobar, N.S.W.^— The copper in this ore was in the form or carbon- 
ate, and the material treated was stamp mill tailings. Separate shallow 
rectangular wooden vats were provided for the preliminary acid treat- 
ment, each holding about 25 tons. The cyanide vats held 75 tons of 

*C. H. Fulton, E. and M, J., Jan. 13, 1906. 

^Charles P. Richmond, E. and MM.f March 16, 1907. 

® W. S. Brown, Trans. London Institution of Mining and Metallurgy, 1906. 
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tailings, so that the contents of three acid vats were treated and subse- 
quently loaded into one cyanide vat. This allowed a proper adjustment 
of time of treatment for continuous working and the small acid vats re- 
duced the risk of defective treatment. 

After an acid vat had been charged, 10 to 12 tons of dilute sulphuric 
acid were pumped on. As soon as the vat was full of solution, covering 
over the ore for some inches, the bottom valve was opened and the spent 
solution was allowed to drain off slowly through a launder to the copper 
precipitating boxes. When the solution had drained so as to show the 
ore on top of the vat, the bottom valve was again closed for about an 
hour and the acid allowed to remain in contact with the ore. The 
first solution when drained off never showed any free acid. 

On again opening the bottom valve the remainder of the acid solution 
was allowed to percolate, usually at the rate of about 2 tons an hour, 
and flowed directly through the copper precipitation boxes to the 
sump, where it was again standardized with acid, for use on a new charge, 
or wasted. 

The acid solution was followed immediately by a first water wash 
equal in weight to the original solution, which flowed into the vat from 
a tank above at the same rate as the vat was draining. This wash was 
followcci by a clean water wash of about half the original quantity, and 
the ore was allowed to drain for discharge. The total time of acid 
treatment was 48 hours. 

All the acid solution and wash waters passed through the copper 
precipitating boxes, and was cither used again or r un to waste depending on 
the supply of water availal)le. The final wash was always clean water. 

When these o|)erations were (mmplcted and the vat ready for dis- 
charge, 0.5 to 0.8 per cent, of lime was distributed over the surface 
and discharged with the sands. A fairly good mixture was in this way 
obtained. 

The acid solution was made up afresh for each vat, and its strength 
determined from a sample of the stamp mill tailings drawn during 
loading. 

A portion of this sample was agitated for half an hour with a standard 
1.5 per cent, sulphuric acid solution, and the consumption of acid deter- 
mined by titrating with staruhird sodium carbonate. 

The weight of acid consumed in pounds per ton of ore' was then 
calculated, which, multiplied by the number of tons, gave the total acid 
required for the charge. To this an excess quantity of 25 per cent, was 
commonly allowed, and the weighed acid then added to the sump, well 
stirred, and pumped on the ore. The pump employed was a Pemberthy 
stream ejector, whi(;h answered extremely well. Lead piping was used. 

The copper was precipitated from the solutions by passing them through 
two boxes, 10X3X4 ft. each, divided into four compartments, as in 
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ordiiuiry zinc boxes. The boxes were filled with scrap sheet iron, obtained 
locally in the shape of tin cans which had been burned for the recovery 
of the solder, and were to be had for the cost of carting. 

The precipitation of the copper on the large surface of the iron thus 
exposed was practically perfect. On the other hand, all free acid enter- 
ing the boxes was neutralized at the expense of the iron. 

Before the lime was added, and the vat discharged, a second sample 
was drawn from the sands. On this sample a determination of cyanide 
consum|)tion was made by agitating for half an hour with a 0.3 per cento 
KCN solution witli addition of 0.5 ]>er (‘cnt. lime. 

For some time an effort was made to determine the acidity on this 
sam]>le for regulation of the (puintity of lime recpiired, but for various 
reasons it was found Ixd-im* to add 0.5 per cent, lime as a minimum. In 
s|>et‘ial instances more lime was added. 

No r(‘gular rcH‘ord was k( 3 )t of the co])per remaining in the residue 
after the acid treatment , V)ut as a rule the extraction was almost complete. 
With slirm^s })resent in sufficient (piantity or unevenly distributed through 
the sands so as to interfere with the percolation, the results were not 
so good. 

From the a<‘id vats the sands were triic‘ked to the 75~ton cyanide 
vats for ordinary trcaitnumt. Fiftetm tons of weak KCN solution were 
first ap])li(‘(l to displac‘e tln^ a]>])roxiniate 15 tons brought as moisture 
from the acid vats. This first 15 tons carried little gold. As a rule about 
12 tons would <*om(^ through carrying only traces, and the other 3 tons 
would vary ma’ording to the relative perfection of the displacement. 
In many cases the first 15 tons %vere carefully isolated in a special sump 
and eventually used as a final wash for the outgoing residues. This 
solution was pasHcsl slowly through a zinc box, and then through about 
20 cu. ft. of pa<‘ked char{‘oaL 

Tire zinc pnuupitation was not effective unless free KCN was present, 
showing (lefindive displacement in the vat, in which case there would be 
high gold values in the solution, but when no free KCN was present and 
l)ut little gold, the (charcoal always caught some, if not all. If assays 
showed tliat more than a fc*w grains of gold were still present and precipi- 
tation had laren imperfec*!, the solution was always passed through a 
freshly made up zinc box, with addition of KCN, before being finally 
used tip as a wash. 

The first weak solution was allowed to drain off entirely and was 
then followed by a solution made up to 0.3 per cent. KCN. Several ap- 
plications of this strength were made, in all between 50 and 60 tons, 
but between each application the sands were allowed to drain dry, the 
outlet being closed when a fresh lot of solution was going on. 

Between 20 and 30 tons of weak solution followed, and finally 15 
tons of wash. 
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During a trial run of 17 days 450 tons of material were treated. 
During this time 167.7 oz. of gold were recovered, although the actual 
recovery extending over a period of 9 months was 1 per cent, in excess 
of this. 

The average value of sands treated was 9 dwt. 4 gr., of which 7 dwt. 
11 gr. was recovered, leaving 1 dwt, 17 gr. in the residues, equal to an 
extraction of 81.1 per cent. The average theoretical strength of acid 
required per ton was 0.65 per cent. H2SO4, equal to 15.6 lb. of 92 per 
cent. acid. 

The theoretical quantity of acid called for was 6588 lb., a difference 
of 1 lb. per ton coming in on correction of tonnage treated. 

The quantity of acid actually consumed was 9057 lb. of 92 per cent. 
H2SO4, equal to 20.1 lb. per ton treated, or 4.5 lb. in excess of the actual 
requirement per ton of sands. 

The copper present averaged 0.32 per cent., or equal to 144 tons for 
450 tons, 7.1 lb. per ton. 

The cyanide consumption was 0.072 per cent., or 1.6 lb. per ton. 

From costs over several months 

Scrap iron averaged 1.5d. per ton. 

Lime averaged 3.6d. per ton. 

Zinc averaged 2.0d. per ton. 

The quantity of acid used — 4.5 lb. per ton, in excess of the consump- 
tion of the ore- — could have been obviated by a better arrangement. In- 
stead of passing the acid solution direct to the copper precipitation boxes, 
where the excess of free acid was consumed by the iron, it might have 
been sent to a sump and restrengthened for a second application, or 
used as a preliminary wash on the next vat, and only passed through the 
precipitation boxes when showing no free acid. Under the circumstances 
in which the work was performed, it was considered economical to sacri- 
fice acid and iron for other considerations. 

The cement copper recovered averaged 60 per cent, copper; the 
impurities were mostly iron and silica. 

No serious difficulty was found in getting a reasonable extraction of 
the gold from the acid treated sands. The first experiment showed a 
possible extraction of only 65 per cent., with 6 days' treatment, but 
this was found to be due to lack of aeration. While experimenting with 
various oxidizers it was discovered that sufficient aeration could be 
obtained by applying the solutions as described. In practice the solu- 
tions were well circulated in the sumps, and the usual provision made 
of allowing the pump suction to draw a little air. 

The working solutions seldom showed over 0.3 per cent, copper, and 
usually were much lower. When more slimes had to be treated in the 
charges, conditions were not so favorable and more copper had 
to be dealt with in the cyanide treatment. The zinc boxes 
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then required careful attention, and the endeavor was to get as 
clean a precipitation of copper, as well as of gold, as possible. 
Lead acetate was freely used and the boxes freshly made up at 
close intervals. No cyanide solutions were at any time discarded. 
When the solutions were foul they were always high in gold contents, 
and as the precipitation of gold was accompanied by the precipitation 
of the copper, re-aeration restored their working usefulness. 

The product of tlie zinc boxes was extremely base, both from the 
copper precipitated and the lead employed to assist that precipitation. 
In the clean-up after solution and removal of zinc by sulphuric acid, and 
careful washing with distilled water, nitric acid was used to remove the 
copper and lead. This latter operation had to be performed with con- 
siderable care to avoid getting gold into solution. 

All solutions em|>lo\’-ed in the clean-up, including washes, were de- 
canted into storage tanks and held until their values had been determined 
by assay, l^y using distilled water tliroughout and precipitating any 
chlorides with silver, no difficulty was experienced in producing bullion 
over 900 fine without loss. The ore itself carried very little silver. 

Extraction of the Precious Metals with Chloride Solutions. — If the 
copper is extract(‘d with an acid solution, the most logical way of 
re(‘Overing the gold is with chlorine, and the most logical way of extract- 
ing the silv(U’, is wit h a (diloridci solution. 

After the on^ has l)(‘en treated with an acid solution to dissolve the 
(‘opper, it is in excadhnit condition for the applituition of chlorine, since 
chlorine its(‘lf is in tlu^ nat ure of an a(*id elenuuit. If the acid solution 
used is hydro(;hloric., there is no n^ason wdiy tlie chlorine cannot be used 
with the coppeu’ extracting solution. If sul])huric acid is used as the 
solvcmt for the (! 0 |)|K‘r, it woiild 1)0 nec(^ssary to (ddorinate the ore for the 
gold with a separate solut ion, for, if chlorine is used in connection with 
Huljdiuric acid, tlie dissolved (,*o]){)er would lie converted into cupric 
chloride, and the tnuitinent would then, in ('ffee,t, bec.ome a chloride 
pro(U‘ss. ''JlnuTforc^, if a e.upriferous gold ore is treated with sulphuric 
a(‘id to extract thc^ copjxn*, the chlorine treatment must follow the 
sulphuric^ acid tnxat.nuuit; if th(‘ ore is tnuited with hydrochloric acid, 
the chlorine tn^atnunit may follow the liydrochloric acid treatment, 
or 1)C iis(hI more or less in (connection wdth it. 

Bilv(W, in paying quantiti(xs, is more generally associated with 
copper ores than is gold. The extraction of the silver offers a more 
serious problem. Bilver is not soluble in a sulphate solution; hence if 
a sulphate solution is employed to extract the copper, some other means 
must be provided to extract the silver. This, then, would involve two 
processes for the extraction of the copper and the silver. The silver, before 
it can be dissolved, must be converted into the chloride, but the chloride 
of silver, once formed, is quite insoluble in most solutions. Sodium 
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thiosulphate is an. excellent solvent of silver chloride, but the same 
objections apply to the use of that chemical as apply to cyanide, in that 
it is in the nature of an alkaline or neutral solvent and is decomposed 
by acids. 

If the copper ore contains considerable amounts of silver, which is not 
usually the case, a preliminary chloridizing roasting miglit be advisable, 
but chloridizing roasting is expensive and loss by volatilization must be 
taken into consideration. Ores, however, which contain sufficient 
silver to make chloridizing roasting advisable, would be more properly 
characterized as argentiferous than cupriferous. 

If the silver in the ore is not excessive there will usually be no trouble 
in extracting it with the copper, by using a chloride solution. If the 
silver is to be extracted with a chloride solution it will be necessary to 
first convert the silver into the chloride, and then provide a suitable 
solvent for the silver chloride. 

Silver and many of its compounds arc converted into the chloride 
by cupric chloride, which may always ])C abundant in the copper solution. 
Karsten found that at temperatures ranging from 12° to 20° C. (53.6 to 
68.0° F.) the action took place very slowly without, and very rapidly 
with, the presence of sodium chloride. 

CuCU +2Ag = CuCl + AgOl. 

In leaching copper ores with a chloride solution, ferric chloride is 
invariably present. Ferric chloride, like cu})ric (diloride, has the faculty 
of converting silver and its comi)ounds into chloride of silver. 

FeCla + Ag^FcCl^ + AgCl. 

Wetzler states that when a dilute solution of ferric cliloride is poured 
upon silver leaf the latter almost in,stantan(K)usly ]()S(‘S its luster and 
falls into small spangiedike flakes, of whic.h the powdeu* is l)lacldwith a 
slight brown tinge. This product is the bhu*Jv chlorides of silver, and 
Wetzler considered it to l)e a sub-chloride, ichuiticuil witJi tliat resulting 
from the action of sunlight on ordinary silveu* chloride. ]\y the action 
of sodium chloride it is converted into metallic silver, and chloride of 
silver, which dissolves. 

Silver sulphide is soluble in both cupric and ferric chlorides. As 
in the case of metallic silver, heat and the presence of salt promotes 
the reactions. 

Experiments made by M. Vaygouny ^ show the action of ferric chloride 
on ores containing gold and silver as the sulphide. Vaygouny treated 
Tonapah ore with a solution made up of 1 to 2 per cent, ferric chloride, 
15 to 20 per cent, common salt, and a little free hydrochloric acid, and 
charged with free chlorine. The Tonapah ore treated contained galena, 
and M. Dec. 29, 1904. 
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pyrite, calcite, silver sulphide and gold, in a gangue consisting mainly 
of quartz. The ore was crushed to 80 mesh, warmed and kept boiling 
for 3 hours, care being taken that it was always well chlorinated. The 
results were as follows: 

Experiment No. 1. Ore No. 1 

Sample Au oz. per ton Ag oz. per ton 

Original, 0.8 84.7 

Tailings, 0.35 4.8 

This corresponds to about 56 per cent, extraction of gold and 
94.4 per cent, of the silver. In a similar experiment, crushing the ore 
to 120 mesh instead of to 80, the results were as follows: 

i^lXPEItlMENT No. 2. 

Sample Au oz. per ton Ag oz. per ton 

Original, 1.03 86. 2 

Tailing«, 0.125 1.1 

This corresponds to about 88 per cent, extraction of gold, and 98.7 
extraction of silver. 

A similar expiu'inuuit was carriinl out with the ore crushed to 120 
mesh, but instead of tnuii ing it hot, the ore was treated 3 days cold. 
The results of this test were: 

Bample Au oz. per ton Ag oz. per ton 

Original, 1.03 86.2 

TailirigK, 0.325 6.6 

This corres|)onds to (>9 per ccuit. (‘xtraction of gold and 92.4 per cent, 
extraction of silviu'. 

The reaction involvcal in conviu'ting the silver sulphide to the chloride 
l)y means of ferric chloride may b(i expressed as thus: 

Ag^H + 2FeCl3 - 2AgCl + 2FeCl2 + S. 

To what extent the ferric cldoride can be kept in solution in the 
presence of free chlorine is a question. In elaborate experiments made 
by John E. Grcenawalt, at Denver, during the year 1900, with a view of 
chlorinating silver ores with chloride solutions, it was found that ferric 
chloride was decomposed, and ferine oxide was thrown out, forming quite 
a perceptible layer on top of the ore in the vats. 

Chlorine, as is well known, very often acts as an oxidizing agent. 
It is probable that the ferric chloride is oxidized, in the presence of 
chlorine and water, to ferric oxide and hydrochloric formed at the same 
timot 
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Chlorine acts on silver to convert it into the chloride. It also acts 
on the sulphide in aqueous solution to convert the silver into the chlo- 
ride and the sulphur of the sulphide is oxidized into sulphuric acid. 
Hydrochloric acid acts on silver slowly, to convert it into the chloride, 
hydrogen being evolved. The reaction takes place more rapidly 
when it is subjected to the combined action of hydrochloric acid and 
atmospheric air. Dilute hydrochloric acid has no action on silver 
sulphide. 

Silver dissolves slightly at ordinary temperatures in an aqueous 
solution of ferric sulphate, and more readily and in greater proportions 
when free sulphuric acid is present. Chloride of silver is formed when 
hydrochloric acid or sodium chloride is added to a solution of sulphate 
of silver in „water, or in water acidulated with sulphuric acid. 

Silver chloride, may therefore, be formed either by chloridizing 
roasting, or by chlorine or some of the base metal chlorides. It is quite 
insoluble in water or in sulphate solutions. It is somewhat soluble in 
chloride solutions. 

If sulphide copper ores contain considerable silver, and salt is cheaply 
available, it is best to give the ores a chloridizing roast. If the roasting 
is carefully done a very high percentage of l)C)th tlic copper and silver 
may be extracted with one solvent, and a fair percentage of the gold. 
In such cases an acid solution of salt would be used as the solvent for the 
copper and silver, and tins solution could then be charged with free 
chlorine for the close extraction of the gold. 

Hahn determined the solubility of silver chloride in solutions of 
different chlorides, as follows: ^ 


Salt 

Salt 

Dogro© C. 

AgCl 

Ag 

Ilogro© C. 

Gram$ Ag 

par cent. 

saturated at 

por cent. 

per corit. 

tompemtur© 

in 100 o.c 

KCl 

24.95 

19.6 

0.0776 

0.0584 

19.0 

0.0688 

NaCl 

25.96 1 

19.6 

0.1053 

0.0793 

19.6 

0.0950 

NH^Cl 

28.45 

24.5 

0.3307 

0.2551 

30.0 

0.2704 

CaClg 

41.26 

24.5 

0.5713 

0.4300 

30.0 

0.6283 

MgCl^ 

36.35 

24.6 

0.6313 

0.3999 

30.0 

0.5339 

BaCl^ 

27,32 

24.5 

0.570 

0.0429 

30.0 

0.0568 

FeCla 

30,70 

24.5 

0.1686 

0.1269 

20.0 

0.1802 

^^ 01 , 

37.48 

24,5 

0.0058 

i 0.0044 

21.4 

‘ 0.0064 

MnCIj 

43.85 

24.5 

0.1900 

0.1499 

30.0 

0.2226 

ZnClj 

53.34 

24.5 

0.0134 

0.0101 

30.0 

0.0162 

CuCl^ 

44.48 

24.5 

0.0532 

0.0399 

30.0 

0.0627 

PbCla 

0.99 

I 1 

24.5 

0.0000 

0.0000 

30.0 

0.0000 


The salts most likely to be present, in leaching with a chloride solu- 
tion, are cupric chloride, CuClj; sodium chloride, NaCl; and ferrous 


I T. A. L M. E., 1870. 
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chloride, FcClo, and these salts will hold in solution, 13.5 oz., 25.0 oz. 
nnd 40.5 oz, of silver, as chloride, per ton respectively, under conditions 
of maximuni or almost maximum solubility. These conditions are 
never met with in practice, but the solubility of silver chloride in 
cliloride solutions, as met with in practice, is quite sufficient to extract 
the silver under all conditions likely to occur in treating copper ores. 
Temperature is an important factor in dissolving silver chloride in solu- 
tions of other metal chlorides. 

If there is silver in copper ore, the silver may be extracted simulta- 
neously with the copper by using a chloride solution, and without any very 
special effort. As gold is not soluble in water nor in a chloride solution, 
it will l)e necessary to charge the chloride solution with chlorine before 
the gold can be extracted. If a sulphate solution is used, an ordinary 
solution of chlorine in water may be used to extract the gold, and if the 
ore contains silver and the copper is leached with sulphuric acid, the 
chlorine may be used in connectionwithachloride solution, as is frequently 
done in extracdiiig tlie precious metals by the Plattner process. The 
method of ap|>l 3 ’ing the chlorine to ores which have been given a prelim- 
inary trcatmcait for (‘opper, presents something of a proljlem. 

The Platinm- ]>rocess, of gassing the ore, is not applicable, since the 
ore, once siitairatcal and disintegrated with an acid solution to extract 
the cop]K'r, is not satisfactorily ])ermeablc with chlorine gas. To take 
the ore out of the vat and partially dry it to give it the proper moisture 
recpiired for satisfactory gassing is too expensive. 

Parnd chlorination is also too cumbersome. If the copper is ex- 
tracted in the barred, it follows tlnit the l>arnd must again be separately 
(diargcal with (dnanicals to ext.ract the gold. If the ore contains silver 
also, furtlua- complications an^ introduced, since silver chloride is not 
soluble! in watc^r, and the use of chloride solutions in lead lined barrels is 
not advisable. 

The most (‘XjKalient way of using chlorine in connection, with copper 
ores, is to use it in solution, and the cheapest way of producing it is by 
(dectrolysis, from common salt. 

Chlorine is not- readily soluble in water, and less soluble in a chloride 
solution; nor is the soIul)ility as great in licatcd as in cold solutions. 
1 lowevcn*, after the ore has l>ecm given an acid treatment for the extraction 
of (topper, the consum|)tion of chlorine is not as great as in the regular 
treatment of gold ores. Usually tlierc will be no difficulty in getting 
sufficient chlorinct in solution to treat the ordinary copper ores for gold. 
The chlorine solution, on(‘e obtained, is applied to the ore in ordinary 
leaching vats, if the (*o])p(‘r has been extracted l)y percolation, or it may 
be applied in agitators if the copper has been extracted in agitators. 
The solubility of chlorine in water according to Schonfeld is as follows: 
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SOLUBILITY OF CHLORINE IN WATER 


Temperature, degrees 

Vols. Cl 

Temperature, degrees 

Vols. Cl 

C. 

F. 


C. 

F. 


10 

50 

2.58 

30 

86 

1.75 

15 

59 

2.37 

35 

95 

1.55 

20 

68 

2.16 

40 

104 

1.36 

25 

77 

1.95 





At 100° C., or 212° F., the solubility is zero. 


A cubic foot of chlorine gas weighs approximately 3 oz. A cubic foot 
of water can hold 6 oz. of chlorine. One liter of chlorine gas weighs 
3.17344 grm., under ordinary pressure, and is 2.45 times as heavy as air. 

In making extensive tests, on a large scale in Denver, during the 
years 1900-1905 there was no difficulty in getting from 0.5 to 0.75 per 
cent, chlorine in a chloride solution; this corresponds to 10 to 15 lb. of 
chlorine per ton of solution. The solubility of the chlorine may be 
made greater and obtained quicker by absorbing it under pressure^ 
when, according to Henry's law, the volume of chlorine absorbed will be 
directly proportional to the pressure of the gas. In this way a strong 
solution of (dilorine may be quickly obtained with suitable apparatus. 

The usual way of a))sorbing chlorine in water, is by passing the chlor- 
ine from the cells into the bottom of a scrubbing tower while the water 
showers down from above. It is not easy to get a strong solution of 
chlorine. The purity and the concentration of the gas has much to do 
with it. Some tyi)e of cells arc likely to dilute the gas excessively with 
air; if the dilution is too great a weak solution of chlorine will result, and a 
weak solution is not as effective in treating ores as a strong solution. In 
using diaphragm (*.(‘lls it rcupiircs quite a delicate balance in operation to 
get a gas reasonably free from dilution with air, under the necessary 
suction to keep the cell room free from objectionable fumes. 

ELECTROLYTIC CHLORINE 

The cheapest way of producing chlorine is by the electrolysis of chlo- 
rides. Usually common salt is used for the purpose. Various elec- 
trolyzers have been invented to decompose salt into chlorine and caustic 
soda; these may be classified as follows: Mercury, diaphragm, gravity, 
and fusion cells. All these types have been, and most are now, in success- 
ful operation on enormously large scale for the manufacture of chlorine 
and caustic soda. Carbon is generally employed as the anode and iron 
as the cathode. Chlorine appears at the anode, while the sodium, re- 

^ U. S. Patent, 901, 611, Oct. 20, 1808, W. E, Greenawalt. 
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leased at the cathode, combines with water, to form caustic soda, hydrogen 
being released at the same time. 

NaCl4- electric current =Na + CL 

Na + H20 = Na0H + H. 

Theoretical Data. — One ampere-hour will produce, by electrolysis of 
common salt, 1.3219 grin, of chlorine. 

It takes 0.7565 ampere-hours to produce 1 grm. of chlorine. One 
ampere-hour will produce .002914 lb. of chlorine. It takes 343.1 ampere- 
hours to produce 1 lb. of chlorine. A current of 746 amperes per hour 
will release 2.173 lb. of chlorine per hour, which, when divided by the 
voltage at Avhich the decomposition takes place, will give the pounds per 
horse-power-hour. A current of 1000 amperes per hour will release 
2.9144 lb. of chlorine per hour, which, when divided by the voltage, will 
give the pounds per kilowatt-hour. 2.3 is the theoretical voltage for the 
decomposition of salt from aqueous solution. 

Practical Data.— The following figures are given by Castner as the 
results of extenchal |)ra(;1ical working of the Castner mercury cell (Fig. 

04) for the jiroduction of chlorine and 
caustic*, soda. This cell was the first 
to achieve pronounced commercial 
success, and has been in operation at 
Niagara Falls and various parts of 
Flurope for many years. A cell in 
0 })eration, running at an efficiency of 
88 per cent., gives the following 

Fig. (>4.— Castner chlorine cell. actual icsults. 

The electromotive force required 
for each cell is 4 volts for a current of 550 amperes. Each cell, which is 
6 ft. long, 3 ft. wide, and G in. deep, decomposes 50 1/2 lb. of salt daily, 
producing 38 1/2 11). of caustic, and 34 1/2 lb. of chlorine, in 24 hours, 
for the expenditure of 3 1/2 indicated horse-power. 

A cell (550 arnper(‘H) per hour, decoinpofics 1058 grm. of salt. 

A cell (550 am|)ereB) per hour, ])ro(hiceH 724 grin, of caustic. 

A cell (550 amperes) pt^r hour, produces 042 grm. of chlorine.. 

A cell (550 ampenis) per <lay, decompos(‘8 56 1/2 salt. 

A cell (550 amp(‘res) per <lay, produces 28 1/2 lb. caustic. 

A cell (550 amperes) pcjr day, produces 24 1/2 lb. chlorine. 

Actual electrical horse-power per cell, 2 h. p. 

Indicated horse-power per cell, 3 1/2 h. p. 

Salt decomposed per ampere-hour, 1.92 grm. 

Salt decomposed per watt, 0.48 grm. 

Salt decomposed per kilo%vatt, 1 .06 grm. 

Salt decomposed per indicated horse-power-hour, 295 grm. 

Caustic produced per indicated horse-power-hour, 209 grm. 

Chlorine produced per indicated horse-power-hour, 183 grnL 
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Salt decomposed per indicated horse-power-day, 16 lb. 

Caustic produced per indicated horse-power-day, 11 lb. 

Chlorine produced per indicated horse-power-day, 9.8 lb. 

The chlorine gas from these cells is from 95 to 97 per cent, purity. The 
current efficiency of the Castner cell is about 88 to 90 per cent., and the 
energy efficiency about 52.3 per cent. 

Fig. 64 shows a longitudinal section through the Castner cell. The 
apparatus is divided into three compartments, the two outside ones con- 
taining brine and the carbon anodes, while the middle one contains the 
caustic solution and the iron cathode. The sodium set free is taken up 
by the mercury, forming an amalgam. The cell is made to rock slightly 



Fig. 65.' — Electrolytic chlorine plant at the works of the U. S. Reduction and Refining 
Co., Colorado Springs, Colorado. 

by a cam and the motion carries the mercury and amalgam into the 
center compartment, where the amalgam acts as the anode during the 
passage of the current to the cathode, the sodium being liberated. A 
regulated supply of water flows into the center compartment continu- 
ously, while a corresponding amount of caustic solution overflows into 
a collecting tank. The covers of the anode compartment have pipes 
for leading off the chlorine, but the cathode compartment is only loosely 
covered, so that the hydrogen escapes in the air. 

The various types of cells give about the same practical results. The 
diaphragm cell is quite extensively used. In 1902 the author installed 
an experimental plant at the works of the Portland Gold Mining Co., at 
Colorado Springs, consisting of three diaphragm cells, using a current 
of 1000 amperes each, and arranged to treat the ore in one of the barrels, 
or on a basis of 30 tons per day. The results were highly encouraging, 
but the work was suspended. This was the first attempt to treat Cripple 
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Creek ores with electrolytically generated chlorine. At the present 
time, at the works of the U. S. Smelting & Refining Co., at Colorado 
Springs, from 300 to 400 tons of Cripple Creek ore are treated daily, in 
barrels, with chlorine generated electrolytically in 75 McDonald dia- 
phragm cells (Fig. 65), producing 1500 lb. of chlorine in 24 hours. The 
McDonald cell. Fig. 66 consists of a cast-iron tank 1 ft. deep, 1 ft. wide 
and 5 ft. 2 in. long, with two longitudinal perforated partitions, thus 
dividing it into three compartments. The perforations are 1/32 'in. in 
diameter, and there are four or five to the square inch. 

Against each perforated side wall of the central or anode compart- 
ment of the tank is stretched a diaphragm, consisting of a layer of asbes- 
tos paper fastened to as])Cstos cloth by a small quantity of sodium 
silicate. This diaphragm is held in position by cement placed over the 



end walls and the bottom of the anode compartment. This compart- 
ment is (doscxl by a cast-iron covcu* 5 in. deep, 6 in. wide, and nearly 5 ft. 
long, into whicdi the anodes ani c(unent(Kl. It is lined witli cement and 
painted with asbestos varnish. 

The anock^s (consist of Idocdvs of graphitized carbon, 4 in. square and 
10 in. long, into which a (!oj)p(U’ rod is fast(‘ned by lea(l for the electrical 
connec.tions. The partition walls form the catliode. The partition 
walls are flanged, forming a seat to hold tJie cover, which is surrounded 
by a layer of cumumt. Tlie cdilorimi is conducited from the anode com- 
partment, into absorptiem towco’s, and the chlorine solution is then 
applied to the ore. Brine circulates through the anode compartment, 
llie sodium hydrate solution leaving the cathode compartment contains 
from 7 to 18 per cent, caustic soda. When the diaphragm is new, the 
level of the liquid in the anode and cathode compartments is nearly the 
same, but when it becomes more or less clogged, tlic deptli of the liquid 
in the cathode compartment is only an imdi or two. Tlie diaphragms 
last about 8 months. Graphitized carbon leading-in rods, screwed into 
the anodes, will usually be found better than metal for the electrical 
connections in any cell. 
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Treatment of the Ore at the Mt. Morgan Mine. — The Mount Morgan 
mine/ in Australia, was formerly worked purely for the gold; as the pyritio 
ores were developed, copper in considerable quantities made its appearance 
so that now the metallurgical installation consists of a chlorination plant to 
treat the oxidized ores ; a chlorination plant to treat the lower grade pyritic 
copper ores, and a smelting plant to treat the higher grade copper ores. 

The oxidized ores are crushed in ball mills, and roasted, chiefly to 
effect dehydration and agglomeration. It is then charged into leaching 
vats, 16 in number, built of brick with cement mortar. They measure 
60 ft. long, 12 ft. 6 in. wide, and are 0 ft. deep. Tlie capacity of the vats 
is 200 tons. The leached ore is discharged by sluicing through side doors. 

After the ore is charged into the vats, it is leveled off, and a water 
wash is given to cool the ore. When the wash water has drained, a 
solution of chlorine water is run on and kept slowly leaching until the 
effluent liquor smells strongly of chlorine. The vat is then placed ^‘in 
contact'' for 8 hours. After the solution has leached off another chlorine 
wash is given, followed by a water wash. The actual time consumed is: 
(1) Water wash to cool ore, 24 hours; (2) chlorine solution, 30 liours; 
(3) washing out with water, 18 hours. When the water wash no longer 
carries gold the contents of the vat arc sluiced down the creek. The con- 
sumption of chlorine averages 2.5 lb. per ton of ore. The gold-bearing 
solutions are pumped to storage vats from which they are delivered to 
12 charcoal filters of brick-lined concrete, 10X12X5 ft., each holding 
2 tons of charcoal. The precipitation is absolute and tlie effluent li(iuors 
from the boxes contain no free chlorine. At present tlio ore averagers 
4 dwt. and a recovery of 95 per cent, is cffec;ted. The costs for 117,000 
tons treated for the year ending May 31, 1908, w(U'e: crushing, 87 cents; 
roasting, 93.5 cents; chlorination, 75 cents; total $2.56. 

The ore treated at the mundic works has the following general com- 
position; silica, 68 per cent., pyrite, 26 per cent.; copper, 1 per cent.; and 
magnesia and alumina, 5 per cent. The gold averages 10 dwt. 

The ore breakers are placed at the main incline shaft and after break- 
ing down to 1-in. cubes it is delivered to the mill bins l)y an electric tram. 
The bins liave a capacity of 2000 tons, and the jdant is designed to treat 
1 1 ,000 tons per month. The plant is divided into two units, each of which 
comprises one tubular dryer, and an elevator for the delivery of the dried 
ore to the mill bins. The ore is fed to seven No. 5 Krupp mills. The 
crushed ore is then delivered to the roasting fununjcs, where it occupies 
24 hours in transit through the furnace. The consumption of wood 
fuel is equal to IS per cent, of the weight of ore treated. From the 
finishing hearth of the furnace the ore is delivered by conveyors to the 
vats. There are eight vats of 200 tons capacity, two of 400 tons and two 
of 1000 tons capacity. The vats are constructed of brick, set in cement 
^ Gerald WiUiams, E, and M. J., April 17, 1909. 
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iiiid lire provided ivitli isluic'e gates at the sides for tlie disidiarge of the 
hau^hed ore. The course of treat iiuait is as follows; 

1. Acid wash of 0.2 per cent, sulphuric acid followed by a water 
wash. This removes about dO jxu* ccviit. of the copper which is precipi- 
tated in tanks filled with scrap iron. Tlui acid treatment and water wash 
occuping al)out 2 days. 

2. Three days^ treatment with chlorine solution. 

3. Water waslp from 1 day in the smaller vats to 3 days in the 
lOOO-ton vats. Tluj residues are sluiced down into a dam where they 
accumulate. Tli(‘ s})ent liquors from the ])reci])itation \vorks are pumped 
to the dam and tlic h^acliings are ])recipitated with scrap iron. The 
residues contain 0.4 per cent, copper which is slowly recovered from the 
hnichings. 

The rcn*. every of the gold on 10 dwt. ore is 0(> per cent. The char- 
coal from the ])r(‘cipita(ioii boxes in ])oth the w(‘st and mundic works is 
treated at a ccmtral redimuy. Aftcu* burning off in large muffles the ash 
is smelt(Hl in a nnn‘rb(‘raiory furnace^ with sand and so(hq and the bullion 
is tapped into moulds. From th(‘ moultis tlu^ bullion is renudted in large 
graphites (U'ucibles in circular cok(‘-fir(‘d furnac(‘s. The })ullion is refined 
with air wliich is blown through t}H‘ molttui metal. The cost of treating 
lIOjOOO tons of or(‘ during the yc^ar (uiding "May, lOOS^ w'as: crushing, 

75.5 (units; roa-sting, SI. 307; chlorination, Sl.Ol; total, $3,174. 

The c.hlorim^ us(mI in th(‘ solution of th(‘ gold w'as forminfy generated 
in stills mad(^ of slabs of saudstoiuq from a charge of manganese ore, salt, 
and sulphuric acid, t lu^ inixi un* Innug lunitml and kiqit mixed by pAs of 
si.inim enten'ing at- bott om of tin* sidi‘S. Tluc chlorine gas is led in 
(‘artheuwar(‘ pip(‘s tu iJn^ bottom of couendu^ scnaibbing towers where the 
gas risers against a falling stnnim of waim* and is alisorlied by it. The 
stnnigth of solution is gcnun*ally SO gr. per gallon.^ Meceutly a plant has 
bcnni instalhul to gtnnn'ale tlu^ (diloriiui dinud. from common salt, by 
(4(nd/rulysis. 

A comparison of tin? sm(4ting ojxn’ation with the hydro, mcitallurgical 
prexmss, is int(‘r(*sting. Th(‘ ore scnit to tlui sni(4t(n’" has tlie following 
comjiosit ion: silica, 45 [ler cent.; iron, 25; sulphur, 25; copper 3.5; alumina 

1 .5 per ccnii. Iron ore? is old annul from tlui (u>mpan3^5s mine at Iron island, 
a small island at tln^ mouth of Kcqqde ba\q IS hours^ steam from Rock- 
hainpton. ddici cuinqnuiy jia^'s a small ro\nili-yand miinus the ore with its 
own mem Two steamers are eugag(ul in bringing ore from the island to 
the wharves at Rcndvliampton. Tln^ limestone is obtained from the com- 
panies' {%. e.j (leromes, owruxl the Mt. Morgan C -ompany) quarries at 
Marmor, 35 mih^s by rail from Mount Morgan. 

The limestone contains only 2 per cent, silica. Delivered into the 

* Bowie Wilson, F. and M. .7., April 24, 1909. 

® Gerard Williams, E. and 4/. J., April 17, 1909. 
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smelter bins iron ore costs $4.44, limestone, $1.60 and coke $9.50 per ton. 
The normal daily cliar.i>;e for eacJi furnace is as follows: Ore, 200 tons; 
limestone, 100 tons; iron ore, 45 tons; low grade mattes (purchased) 
and converter slags, 15 tons; coke, 40 tons. The resulting matte is 
converted intoldistcu' c.oppco* averaging 99.1 per cent. Cu, and 12 oz. gold, 
and then refined eleirtrol ytically. 

Treatment of the Auriferous Copper Ores at Falun, Sweden.^ The ore 
is roasted at a low tcnnpco’ature with a view of obtaining the copper in the 
form of sul})}ia,te. if sil vea* is i)resent salt is added in the roasting furnace. 
The roasted ore is then plac^ed in false-bottomed, wooden vats and leached 
with hot wat(u*, follow(Ml, il ntua'-ssary, Ijy hot dilute sulphuric or hydro- 
chloric acids, l)y wiii(‘h all the c()pj)er and much of the iron are removed from 
the ore. The solutions thus o])tained are run through tanks containing 
scrap iron, by whi(4i tlu^ co|>p(u* and silver insolution are precipitated. The 
solution of f(u-rous sul ph;it(‘ nuiy ho saved and used subsequently to precip- 
itate the gold. Tlie i*(\sidii(‘s in the vats arc now in a condition to yield up 
their gold readily, and a,r(^ ac<H)r(lingly treated with a solution of O.G to 
0.7 per cent of chlorides of lin!(i (bleaching powder) in water, mixed with 
an equal voliimo of dilute hydrocdiloric acid of specific gravity 1.002 or 
1.003, or of dilute sulphuric^ ac.id. Tliese solutions were mixed in troughs 
just liefore tlu^y (IowcmI into the ore vats. Tlie liquid passes though the 
ore until tlu.^ gold (‘<‘as(‘s to dissolved, after which the tailings are 
thrown away. Tlu^ sohition is luuitcHl to 160° F. by steam, and precipi- 
tated with f(u-rous sul])hate. The collection of the gold is expedited and 
ensured ]>y adding iuxh.ade of l(‘.ad to the solution; by this device lead sul- 
phate is ])recipil.at(‘d with (Jie gold, and in settling to the bottom, carries 
the parti(d(‘s of pr<‘(dous nu^l.als with it. This process was in continuous 
operation at tlie Fa.Iuu works from 1885 to 1888. In that period, 1500 
tons of gold orc^ aiiid tlu^ tailings fi*om 20,000 tons of copper ore were 
subjected to tnudammt. It is stated that in the year 1886, the tailings 
from 14,000 tons of (a)pp(U‘ ovo were ti-eated with the following results: 

Avkua(5h Amoxtnt of Goud in Tailings 

in‘for(‘ irntal-nuiiit, 41.82 grains per ton. 

After tTcatmiit, 4.04 grains per ton. 


Cost rnn Ton 


Cldoride of lime (G Ih.), 

5 

d. 

Sulphuric acid (8.37 Il>.) 

1 

d. 

Lead acetate and other rcuigents, 


3/4d. 

Fuel for steam, 

1 l/4d. 

Lal>or, 

1 

d. 


Total, 

^llose,“Tho Metallurgy of Gold,'' p. 2GS. 


9 = 17.25 
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TREATMENT OF ZINCIFEROUS COPPER ORES 

Zinciferous copper deposits are quite common in the western United 
States, Mexico, and other parts of the world. In many of these deposits 
the zinc and copper sulphide minerals are so intimately associated as to 
defy all attempts at mechanical separation. No serious attempt has 
yet been made to treat these ores chemicall}’'. 

Theoretically the chemical separation of the copper and zinc from 
such ores would not appear difficult, since both copper and zinc, after 
roasting, are readily soluble in dilute acid solutions. The copper may 
be readily precipitated from the solution either by chemical reagents or 
by electrolysis, while the zinc remains unaffected. After the copper is 
preci])itated, the zinc may be recovered free from copper and other im- 
purities, either by ele(d,r()lysis at a higlier voltage, or by evaporation as 
the sulphate or cliloride of zinc, for wliich there is a limited sale. The 
extrac;tion of the zinc and copper from the ore presents no serious diffi- 
culty, V)ut the re(U)very of tlie dissolved zinc from the solution, is an 
exceedingly diflicult probhun, and unless some method can be devised 
for re(.u,)vering the zinc at a profit, it is evident that the consumption of 
acid is such that tlui coppew cannot b(^ recovered at a profit, and hence 
the deposits remain unworkable under the present conditions. 

If a zinciferous copper sulphide ore is roasted, and then treated with 
sulphuric or hydrochloric acid, the copper and zinc will go into solution 
as sulphates or chlorides. The copper may then 1)c jirecvipitatcd from the 
solution by any of the well-known methods, and the precipitated solution 
rtduirned to the ore, as in a cyclic |)roccss, until the solution becomes 
saturated with zinc sulphate or chloride. The solution can then be 
purified, usually by dis})lacing the impurities by zinc and zinc oxide, while 
a (‘.orn^sponding amount of zinc goes into solution. The solution, now 
purified and saturated with zinc sulpluite or zinc chloride, may be 
evaporated to get tlie c.rystallized salts, if a market is available, or better, 
it may be treated, electrolytically to extract the zinc in the metallic con- 
dition; but in the electrolysis of the zinc salts is the crux of the entire 
problem. 

The commercial electrolysis of zinc solutions, either acid or alkaline, 
has not yet ])ecn accomplished, although as the cause of the difficulties 
arc becoming better understood, the problem may sooner or later be 
satisfactorily solved. The problem is further complicated by the fact 
that it takes about 4 times as much power to deposit a pound of zinc as 
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a pound of copper, and the price of the metallic zinc is only about half 
that of copper. On the other hand, the zinc may be regarded as a by- 
product, for which nothing is paid in the crude form, and the smelters 
usually penalize the zinc in copper ore, when above 5 to 10 per cent. 

With solutions of zinc salts, both acid and alkaline, and especially if 
the solution is dilute and the current density small, powdery, spongy 
deposits of zinc, which appear often almost black in color while wet, are 
obtained on the cathode. If the solution is excessively acid, no deposit 
will result, as the zinc is dissolved as rapidly as deposited, and the solution 
need not be highly acid to seriously affect the amount of zinc deposited. 
The zinc sponge is not as likely to occur from an acid as from an alkaline 
or neutral solution. Zinc deposited in a spongy form cannot be melted 
down on account of its tendency to oxidize. 

It is a peculiarity of this zinc sponge that solutions which will perhaps 
for half an hour yield quite satisfactory reguline deposits of zinc will, 
when a certain tlxickness has been attained, commence to deposit the 
spongy metal, and this may occur in neutral, acid, or alkaline solutions. 
Two theories have been advanced as to the cause of this unsatisfactory 
deposit, namely, one that it is due to the formation of a hydride of zinc and 
is due to the liberation of free hydrogen with the zinc at the cathode, and 
the other that it is due to the formation of zinc hydrate. 

The formation of spongy zinc, may apparently be avoided by using 
strong solutions with only small amounts of acid present and using high 
current densities, of from 15 to 30 amperes |)er scpiarc foot, and by em- 
ploying rapid circulation of the electrolyte. The formation of zinc sixongc 
from solutions which to commence with yield good reguline deposits, is 
probably due to the impoverishment in zinc salt of the electrolyte in 
contact with the cathode. 

The electromotive force retpiircd for the decomposition of zinc sul- 
phate is 2.35 volts, and for zinc chloride 2.43 volts. 1.2194 grm. are 
deposited from zinc solutions by 1 ampere-hour, 2.6883 lb. per 1000 
ampere-hours. In ixracticc the electromotive force required will not 
usually be less than from 3 to 3.5 volts. 

Iron generally occurs in the neutral or feebly basic solutions as ferrous 
salt. It can only bo precupitated out of the solution after the conversion 
into a ferric salt. Iron can be removed from sulphate solutions of zinc 
by the addition of carbonate of lime, and passing a current of air through 
the solution. If the iron is present as chloride and not in too large 
quantity, it is best oxidized and precipitated by the addition of a small 
quantity of chloride of lime; the calcium chloride so formed has no 
injurious effect on the electrolysis. Any electronegative metals that 
may be present in the solution may be precipitated with zinc dust. 

In the electrolysis of sulphate solutions with lead anodes, the anodes 
gradually become covered with a superficial layer of peroxide of lead, and 
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must be freed from it by being washed from time to time. As soon as 
the electrolyte contains 9 to 9 1/2 oz. of sulphuric acid per gallon, a 
current density of 10 amperes per sciuare foot can no longer deposit 
zinc from it. Before, therefore, the free acid present reaches this 
amount, the electrolyte must be replaced by a solution of neutral 
sulphate. 

In the Cowper-Coles process, the finely ground ore containing the zinc 
is converted into the oxide and sulphate by roasting, and then leached 
with a dilute acid solution of zinc sulphate. The leaching is done in 
vessels fitted with filters, and is facilitated by the passage of an electric 
current through the acid licpiid, insoluble anodes and zinc cathodes being 
employed. The co|)per goes into solution with the zinc, and is precipi- 
tated in tanks, the ])()ttoms of which arc covered with a layer of charcoal 
and iron or zinc. AMieix the solution contains 15 to 20 per cent, of zinc 
sulphate, it is electrolyzed between lead anodes and rotating cathodes in 
the form of discs of sheet iron. 

Neutral con(amtrat(‘d solutions of zinc sulphate dissolve small quanti- 
ties of zinc oxide, so that these solutions give compact zinc during the 
first hour of elect rolysis. The liquid, however, soon becomes basic, due 
to the oxidation of zinc, and the sponge is then deposited. To prevent 
this it is necessary to maintain the solution slightly acid; continuous 
agitation of the ekH-trolyte is also neccNSsary otherwise it becomes too 
dilute at the cathodes 

IIoe])frH^r considtu’s that an active^ motion of the ehictrolyte by means 
of rotating (uithoik's is maa^ssary for tlu^ ]>roductjon of demse deposits. 
In this way hydrogen l)ul)bk‘s, which have clung to the cathodes are 
rernovcal, and th(^ foiinat.ion of raggcal edges by the abnormally high and 
uiKiven curremt demsit i(‘s is prev(mt(‘d. 

One of the inh(‘rent difficulties in the elecd-rolysis of zinc compounds 
is that the heat of coml>inat ion is gemu'ully rather high, thus necessitating 
the exp(mditaire of a riBitivcdy high powcuy mid for the same reason other 
metals arc apt to be d(q)osit<»d first, thus lu^cessitating a pure solution, 
llocpfner was one of tlui first to nudize these difficulties, and was one of 
the first, if not tln^ first, to devise a process which was for some time in 
oi)eration on a (a)mmer<dal scale. 

The Hoepfner Zinc Process was in use in Fuhrfort, Germany, 
from 1895 to 1897, but was discontinued, although it was claimed, this 
was for personal and not for technical reasons. It is now in operation 
in Hrusshau, Austria, and at the works of Brunner, Mond, and 
Company, at Winnington, England. Guenther^ gives a long illus- 
trated description of this process, which is briefly as follows: The raw 
material was the cinder from zinciferous pyrite, mined in Westphalia, 
the zinc tenor of this cinder varying from 10 to 16 per cent. The prepar- 

" and M, May 16, 1903. 
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atory treatment consisted in grinding the cinder to 1.5 mm. size, mixing 
with 18 to 20 per cent, common salt, and roasting in a muffle furnace for 
20 to 24 hours at a temperature of not over 050*^ C. The charge of the 
cinder per furnace was 4500 kg. and the coal consumption 900 kg. per 
charge. The charge drawn from the furnace was leached, while still 
hot, in iron vats with water or dilute liquor from a subsequent stage of 
the process, affording a solution containing about 10 per cent, zinc, 
besides sodium chloride, sodium sulphate, and small quantities of lead, 
copper, cadmium, arsenic, manganese and thallium. The sodium sul- 
phate was crystallized out as Na^SO^ + lGHsO by cooling the solution to 
— 5*^ C., after which the iron and manganese were precipitated by the 
addition of bleaching powder and marble dust, and finally the electro- 
negative metals by means of zinc dust. A clear solution of the chlorides 
of zinc and sodium was thus obtained, which on the average assayed 
20 per cent. ZnCl2, 22 per cent. NaCl, 0.05 per cent, to O.OG per cent. 
H2SO4, and traces of lead, iron, and thallium, and- after acidification with 
a small amount of hydrochloric acid, free from arsenics, was ready for 
electrolysis. The electrode vats were V-shaped tubs; tlio anode and 
cathode compartments were separated from each other by means of a 
diaphragm of nitrated cloth. Artificial carbons, hard as glass, were used 
as anodes, while the cathodes consisted of discs of zinc or iron, arranged 
vertically on a horizontal shaft so as to revolve between a pair of adjacent 
anode cells. 

The electrolyte entered each vat on one of tlie horizontal sides- and 
came out at the top of the opposite side, so there was only a circulation 
past the cathodes, but the solution could pass bemeath the anode cells. 
The diaphragms which were closed on top, where they were made air tight 
by means of melted pitch, prevented a rapid motion in the anode cells. 
The solution entering the vat had a tenor of 9.5 to 10 per cent. Zn, and 
the tenor of zinc in both should not be less than 2 per (;ent. The acidity 
to be maintained at 0.08 to 0.12 per cent. IICI, and d\iring the electrolysis 
acid was added to the extent of 0.03 to 0.05 grm. IKT per ampere-hour. 
A good deposit of zinc could not bo obtained from neutral or alkaline 
solutions. The vats were connected in scries and a current density of 
100 amperes per square meter used, which, it was thought, was less than 
desirable; the terminal voltage of the bath was 3.3 to 3.G volts. In regu- 
lar operation zinc deposited on the cathodes in dense form, silver white in 
color, and the current efficiency was 97 per cent, or more, of the theo- 
retical. After 30 to 35 days, when 800 to 1000 kg. of zinc had been 
deposited, the cathodes were replaced by a now set. The zinc was then 
remelted in a reverberatory furnace, losing 1.5 to 2 per cent, in weight, 
wherein the consumption of coal was 7 to 8 per cent., the final product 
assayed 99.97 to 99.98 per cent. Zn, 0.01 to 0.02 per cent. Pb, and traces 
or iron md thallium. The anode cells had an outlet pipe of glass or hard 
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rubber; the chlorine gas liberated by electrolysis was used for makii 
bleaching powder. 

The electrolysis of fused zinc chloride has frequently been suggest( 
and tried, but up to the present time the most encouraging results ha^ 
been obtained with chloride solutions. 

The electro deposition of zinc from alkaline solutions has also be( 
repeatedly proposed, but has not come into use. 


CHAPTER XV 


TREATMENT OF COPPER-NICKEL ORE AND MATTE 

Nickel is frequently associated with copper ores, in quantities worth 
recovering. The ordinary method of recovering the nickel in such ores, 
as for example at Sudburry, is to smelt to a copper-nickel matte, and then 
recover the metallic copper and metallic nickel from the matte by further 
metallurgical treatment. 

If a hydrometallurgical process is used to extract the copper from ores 
containing small quantities of nickel, the process is carried out the same 
as if no nickel were present, and when the nickel, as in a cyclic process, 
has accumulated sufficiently in the solution, it may be recovered there- 
from by cither chemical or electrolytic methods. 

Nickel is only extracted with considerable difFiculty direct from its 
ores, especially if in the form of silicate (Garnicuite), and most nickel 
ores are not entirely free from this mincralogi(‘-al (U)mbination. 

The solutions which are used for recovering nickel from copper ores, 
mattes, or alloys, arc cither dilute sulphuric or dilute hydrochloric acid. 
The copper in either solution, preparatory to precupitating the nickel, is 
reduced below 1 per cent, by electrolysis and finally comphdiely removed 
by precipitation with metallic iron, or else hydrogen sulphide may 1)0 
used, the excess of which is afterwards expelled. 

The purified solution is rendered alkaline, filtered to remove precipi- 
tates, and the nickel recovered by electrolysis in suitable electrolyzers, 
using lead anodes for sulphate solutions and graphite anodes for chloride 
solutions. Both nickel chloride and nickel Huli)hate are freely soluble in 
water. Nickel chloride, NiCUGILO, is easily soluble in water; 100 c.c. 
saturated watef solution at 20^ C., contains 39 gr. NiC^; 100 c.c. saturated 
water solution at 40° C. contains 42 gr. NiCla- Nickel sulphate; NiSO^- 
THgO, soluble in three paits of water at 20° C.; sohiblc in two parts of 
water at 50° C. 

It is quite difficult to get a good coherent electrolytic deposit of nickel 
of any reasonable thickness. There is a difference of opinion as to the 
cause of solid, adherent deposits of nickel; some metallurgists claim that 
the most satisfactory deposits arc obtained from alkaline electrolytes, 
whereas others say that the electrolyte must be acid. The general 
opinion, however, is that the non-adherent deposits arc due to; the 
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electrolyte being too acid, the temperature of the electrolyte being 
too low, or else the cathode is not clean. Pulverent deposits are 
due to: too high a current density, too high an e. m. f., and too acid 
electrolyte. 

The formation of insoluble salts is prevented by acidifying the 
electrolyte with weak acid, such as boric, perchloric, perbromic, or an 
organic acid, or else with a slight amount of sulphuric or hydrochloric 
acid. 

Conditions which favor solid adherent deposits of nickel are: slightly 
acid electrolyte, to prevent basic salts; pure electrolyte; gas free elec- 
trolyte; temperature between 40 and 65° C.; constant current density; 
low c. m. f.; efficient circulation; clean cathode, and concentrated 
electrolyte. 

Concentrated electrolytes, especially those consisting of very soluble 
nickel salts, give the most satisfactory deposits, other conditions being 
ecpial. 

The tendency of nickel deposits to curl is greatest with high current 
densities, said to be due to the formation of nickel hydride, which is the 
result of greater liberation of hydrogen with high current density and high 
e. m. f. 

Dr. Edward F. Kern and Francis G. Fabian Mjy exhaustive experi- 
ments, with cast-ni(‘kel anodes conaining 92 per cent, nickel, 5 per cent, 
iron, carbon and a trace of copper and using shcet-nicdcel cathodes placed 
1 in. from the anodes, came to the following conclusions: 

The presence of free acid in nickel chloride, nickel sulphate, and nickel 
fluosilicatc electrolytes caused a very loiv cathode efficiency, whereas the 
anode efficiency was in most' cases over 95 per cent. By continued 
(dectrolysis the free acid was neutralized and the cathode efficiency 
increased. 

The (dectrolysis of neutral (diloride and fluosilicatc solutions with cur- 
rent densities of 10 to 20 amperes per s(|iiarc foot, gave very satisfactory 
deposits, and high current efficiencies. Neutral sulphate solutions 
were unsatisfactory, as precipitates of insoluble basic salts formed and 
intermixed with tlie deposited nickel. 

Heating the chloride electrolyte decreased the e. m. f., increased the 
current efficiency and improved the deposition. The most satisfactory 
temperature was about 50° (1 

A small amount of basic salts separated during electrolysis from the 
neutral chloride electrolytes, but did not interfere with the deposition. 
The presence of a small amount of free acid prevented their formation. 

The results obtained by Kern and Fabian for nickel chloride and 
nickel sulphate electrolytes are summarized by the following table: 

* School of Mines Quarterly, July, 1908. 
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Tem- 
perature 
deg. C. 

C. D. 

ampore.s 
porsq. ft,^ 

Time of 

run 

minute.s 

NiCh electrolyte 

NiSO^ electrolyte 

Composition of the 
electrolytes 

Average 
e. m, f. in 
volts 

Cathode 

current 

efficiency 

i 

Average 
e. m. f. in 
volts 

Cathode 

current 

efficiency 

Eight per cent, nickel 

20 

10 

ISO 

0.49 

:l2()% 

0.89 

0.86% 

and half molecular 

40 

10 

180 

0.:i0 

1.25% 

0.65 

0.78% 

equivalent of free acid. 

60 

10 

180 

0.21 

1 .01 % 

0.42 

0.39% 

Eight per cent, nickel 

20 

10 

25,5 

0.7.'i 

62.6% 

0.91 

l.,50% 

and 1/10 the molecular 

40 

10 

2,55 

().,52 

79.0% 

0.78 

1.60% 

equivalent of free acid. 

60 

10 

2.5,5 

0.:i5 

71.0% 

0.51 

1.50% 

Eight per cent, nickel 

20 

12 

180 

0.86 

07.2% 

0.97 

0.00% 

and 1/20 to 1/25 the 

40 

12 

180 

o..5;j 

75.7% 

0.79 

0.7% 

molecular equivalent 
of free acid. 

60 

12 

180 

0.44 

80.7% 

0.61 

2.8% 

Neutral solutions con- 

20 

10 

2,55 

0.78 

96.6% 

l.,50 

102.2% 

taining 8 per cent. 

40 

10 

2,55 

0..59 

99.4% 

1.35 

100.9% 

nickel. 

00 

10 

2,55 

0.44 

99.2% 

0.88 

101.1% 

Neutral solutions con- 

20 

20 

480 

1 .06 

91.2 %) 

3.45 


taining 8 per cent. 

40 

20 

480 

0.73 

94.7% 

2.. 30 


nickel. 

00 

20 

480 

0.04 

88., 3% 

1.40 


Neutral solutions con- 

20 

20 

180 

1.02 

90 . 1 % 

3.12 

10.2% 

taining 8 per cent, 
nickel and a half mole- 
cular equivalent of 
sodium salt. 

00 

GO 

180 

0.58 

99.7% 

0.90 

99.8% 


In the direct treatment of copper-nickel ore or matte, the copper and 
nickel are dissolved, usually with a chloride or sulphate solution. The 
copper may be precipitated chemically or clectrolytically; the electrolytic 
method is preferred. In cither case, the copper is precipitated in the 
ordinary operation of the process, while the nickel keei)B accumulating 
in the solution, until its recovery therefrom bcciomes necessary or ad- 
visable. The copper in the solution, ricdi in ni(*.kel, is then completely 
removed, by chemical precipitation; after which the other impurities are 
removed, and the solution then electrolyzed to deposit the nickel 

When it is attempted to deposit nickel clectrolytically, it is found 
that after a certain thickness is exceeded the metal detaches itself from 
the cathode and curls up in thin flakes. These are too thin to collect and 
melt to an ingot with economy and case. 

The observance of the conditions above stated tend to overcome the 
difficulty. Rapid rotation of the cathode also tends to permit of a 
thicker deposit. 

The theoretical electromotive force required to decompose nickel 
and cobalt chlorides and sulphates is: 

NiClj, 1.85 volts. C 0 CI 3 , 1.78 volts. 
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In the or(linai\y treatment of Copper-nickel ores, roasting and smelt- 
ing, followed by converter treatment, yields a high-grade copper-nickel 
matte, and the pro])lem is to separate tlic nickel from the copper. This 
is being done on a vciy large scale b}” the Oxford process, at the works of 
the Oxford Copper Co. The practice thci’c is to smelt the matte con- 
taining siil|)hides of nickel, copper, and iron, in a cupola furnace, together 
with a charge of coke and sulphate of sodium, in the form of crude niter 
cake. The car])on of the coke reduces the sodium sulphate to sodium 
sulphide, and as this mat(u-ial wlu^n fused has a solvent action upon the 
copper and iron sulpliides contained in the matte it will dissolve them to 
a considera])le extent, so that when the molten contents of the furnace 
are tapped into scuttling pots the material will stratify. Sulphide of 
nickel, togcd'.her with some sulphide of sodium, will settle to the bottom, 
and the sulphide of sodium, with copper and iron sulphides in solution, 
will float on top. Th(‘ mass when solidified is di\uded into tops and 
])ottoms, th{‘ to])s containing sulphides of copper, iron, and sodium, and 
the bottoms containing sulj)hid(‘s of nickd, together with sucli of the 
sulphides of coppen* and iron us have not been taken up in solution in the sul- 
phide of sodium. Th(‘ ])ot.tomsare again chargcal into the smelting furnace 
with sodium sulphat(‘, and ar(U'(‘sm(‘lt(‘d a suflicient num])er of times to 
purify tln^ mat(‘rial to such an (‘xfmit as to halve the nickel therein 
nearly free from ca)]>p(‘r, gcnun-ally nalucing the co|)])er to l(‘ss than 1 per 
c(‘nt. After having thus Ixaui tnaUxxl the bottoms are <;rushcd and 
leached for the purpos(‘ of removing the soluble portions of the sodium 
comp(yund, and the product is (!ri(‘d and roastcal, and is then mixed with 
sodium chloridci and sodium sul])hate and again roasted. The sodium 
chlori(l(‘ ami sodium sulphate naict to {)ro(hice chlorine gas, which con- 
V(U’ts the coppeu* contained in the mass ])artially to the form of copper 
chloride, and tlu^ nunaindca* of the copp(‘r to co])})er sulphates, the nickel 
Ixang con V(*rt, c‘d Iarg(‘ly to tln^ form of nickc^l oxide and ])artially to the 
form of nick(d sulphate*. The n^siduum is tluai nnvashed with dilute 
sulphuric. a{od, whi(*h nunov(‘s the copjxu- as sulphate, but does not 
attache the nick(‘I oxhh*. It has ]>e(‘n the practice to precupitate tlie 
metals from tlu*s(i solutions by the addition of sodium carbonate or 
sodium sulphide and tluui to r(unov(‘ the j>r(aupitate ])y passing the licpior 
through filt<n* ]>r(\ss(‘s. The rc*sidues from thc^ hunching c.onsisting princi- 
pally of nickel oxide*, witii a little silica, sulphur, copper, and iron, is then 
reduced in a c.ruc.ibh* or l)Iast furnaces to crude nickel, which may then 
be refined ele(*.trolyti(‘ally, if rediued nicdvcl is desired. 

Recently nmeh of tlie copper-ni(‘kcl material is converted directly 
into Monel Metal, which is an alloy of co])pcr and nickel, so that no sepa- 
ration of these metals is rccpiired for purposes for which Monel Metal is 
adapted. 

To get pure nickel, electrolytic methods early suggested themselves 
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on account of the analogy with copper refining. For a number of yeara 
experiments were made to devise an electrolytic process. Until recently, 
most of these methods were unsuccessful. An unsuccessful experimental 
trial was made by Hoepfner at the works of the Canadian Copper Co. in 
which success was later attained on a somewhat similar process, by D. H. 
Browne, who was at that time chief chemist of the company. About 
tlie same time the Oxford Copper Co., while using tlie alkaline sulphide 
smelting process on a large scale, for a number of years, produced a cer- 
tain amount of refined nickel at the Balbach Works in Newark, by the 
electrolytic process of their chief engineer, William Thum. Considerable 
experimental work was also done at the Bayone works of the Oxford 
Copper Co., by an electrolytic process devised by N. V. Hybinette. 
Still later, by Camillo C. Cito, which is in use at the Irvington Smelting & 
Refining Works, at Irvington, N. J. 

The Hoepfner Nickel Process. — The Hoepfner process for the treatment 
of copper-nick(^l ore or matte, is not essentially diffeu-ent from liis proc(‘ss 
of extracting copper alone. It may lie described as follows d TJie coppin-- 
nickel bearing material was ground to (JO iiuish and then subjcHitc^d 
to a leaching process with a solution of cujiric cJiloride containing from 
50 to 75 grm. of copper per liter. The kuiching was done in revolving 
drums of about 5 cubic meters capacity. 

The reactions taking place during leaching are: 

(1) CuS +CuC4 -Cu/Jl^'l-S. 

(2) NiS 4"2(Md,-Cu/n2 + Ni(,n, +S. 

(3) Ag,S +2CuCl,-2Ag(n FCu^Cl^ + S. 

Iron also goes into solution, 

(4) FeS + 2Cu(Jl, - Cu.Cl^ FFeCl^ + S. 

Lead, cobalt, ^liiu^, etc., also go into solution if present in the raw 
material. The solution, after Ixdng thoroughly reduced by the copper- 
nickel matte or ore, was allowed to cool and clarify, and after removing 
the small amount of silver by precipitation with metallic copper, was 
subjected to electrolysis. 

The electrolyte consists, after purification, of cuprous chloride, and 
nickel chloride dissolved in a sodium or calcium chloride solution. This 
electrolyte was conveyed to diaphragm cells in two separate channels, 
one going to the anodes and the other to the cathodes. The cathode 
solution, by electrolysis, was deprived of its copper, while the anode 
solution, through the action of liberated chlorine, was oxidized back to 
cupric chloride. The regenerated cupric chloride solution coming from 
the anodes was returned to the ore or matte and the cycle repeated. 

^XJ. S. Pat. 704,640, July 15, 1902; Electrochemical Indmtnjj Nov. 1903. 
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The cathode solution after being deprived of its copper contents, 
consisted of nickel chloride solution, which after thorough purification, 
was again electrolyzed at a higher voltage in cells having closed anode 
compartments and carbon electrodes. The cathodes consisted of revolv- 
ing sheet-iron discs, upon which the nickel was deposited. The chlorine 
liberated during electrolysis was a])sorbcd in a series of towers and vats 
by means of crushed matte and a solution of mixed chlorides. The 
towers were equipped with ejectors which kept the entire system under 
a partial vacuum, which prevented the escape or loss of chlorine. A jet 
of superheated steam was used in the agitation of the matte in a cupric 
chloride solution. 

The reaction taking place during electrolysis may be summarized as 
follows: 

(5) CiuCl.> + 2NiCU + electric current = 2Cu + 2NiCl2 + Clg 

tine nickel cliloride nunaining unaffected during copper electrolysis, and 
the (dilorine rviuAs with the cuprous chloride at the anode to form cupric 
chloride: 

(0) CiuCU + 2Cl-2CuCl2. 

In the electrolysis of nicdvel chloride: 

(7) N i( a. d- current - Ni + 2C1. 

The Browne Process. — Tlie Browne process was in commerical opera- 
tion for Rome years in ( 'levcdand, Ohio, producing lOOO lb. of nickel daily, 
and a corresponding amount of copper, when in 1902 the plant was ac- 
quired by tlie nickel trust, and closed. 

In the Browne proct^ss^ the matte, crushed to about 1 mm. was first 
roasted to free it f]*om suljdmr. It was then reduc^cd in a melting furnace 
by means of (iiarcoal, and one half of tlie fus(‘d copper-nickel was cast 
into anodes and tlu^ otlic half poured into water, thus giving copper-nickel 
shot of a weiglit ecpial to that of the anodc^s. The anodes were placed in 
the copper-nickel electrolyzcms and the shot was placed in a tower. The 
composition of tlie coi>|>(m-nickel anodes and sliot was 54 per cent, copper, 
34 per cent, nickel, the nuriainder being iron and sulphur; the iron usually 
ranging below 1 per cent. 

In the Browne process, Fig. 67, A represents the tower in which the 
copper-nicked matte is placed for treatment; Bj the Copper Electrolyzer; 
and C the nickel electrolyzer. The shot in the tower is subjected 
stimultaneously to the action of a stream of a solvent of cuprous chloride, 
such as salt water, introduced into the top of the tower, and a stream of 
free chlorine introduced at the side of the tower. The combined action 
of the salt water and the heat produced by the combination of the chlo- 

Electrochemical Indmtry^ July 1903, IT. S. Pat. 714,861, Dec. 2, 1902. 
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line with the copper-nickel alloy form a solution of cuprous and nickel 
chlorides, the reaction being: 

2CuNi + 6C1 = Cu,Cl, + 2NiCl2. 

The solution so produced flows from the bottom of the tower into a 
reservoir tank from which it is drawn into the copper electrolyzers as 
desired, containing an anode of the copper-nickel metal and a cathode of 



Fig. 67. — Browne process. Diagrammatic sketch. 


sheet copper. The electric current passing through the solution of 
cuprous and nickel chlorides, the cuprous chloride is decomposed and the 
copper deposited upon the cathodes, while the chlorine combines with 
the copper and nickel of the anode, forming cuprous chloride and addi- 
tional nickel chloride, the reaction being: 

2CuNi + 6C1 =Cu 2 Clj +2NiCl2. 

The cuprous chloride so formed is also decomposed in the same man- 
ner as was that of the original solution, cuprous and nickel chlorides being 
formed from the anode as before, copper plating out. 
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In the electrolyzers the ordinary multiple system was used. The 
anodes had a surface of 75x60 cm. and were 2.5 cm. thick. Concrete 
tanks were used; their dimensions were 256 cm. long, 85 cm. wide, and 
.67 cm. deep (about 9 ft. long, 3 ft wide, and 2 ft. deep.) Circulation was 
effected by overflow from cell to cell. The cathodes were thin electrolyt- 
ically made sheets of copper. For 24 cells connected in series, the voltage 
varied from 6 to 10 volts, the current was 500 amperes. The copper was 
deposited in a coherent, although not dense form; it was sufficiently 
adherent, but was more crystalline than the copper of copper refineries. 
Between 2 and 2.25 grams of copper were produced per ampere-hour, while 
the theoretical value is 2.36 grm. A small amount of CuCla in the electro- 
lyte is sufficient to account for this difference from the theoretical value. 

The proportion of nickel and copper in the fresh electrolyte applied to 
the cells was the same as in the anodes, as the electrolyte was made from 
the copper-nickel shot, which in its chemical composition was identical 
with the anodes. The electrolyte was a mixture of CU 2 CI 2 , NiCl 2 , 
NaCl, and FeCla- After electrolysis in the copper cells, the propor- 
tion of nickel to copper in the issuing electrolyte was 80 to 1. The 
cathodes were recovered from the cells after three or four weeks. While 
the copper thus produced was not dense and of a very crystalline structure, 
a single melting process was sufficient to change it into commercial metal. 
The silver in the anodes passed completely over to the cathodes, but the 
copper-nickel alloy was very poor in silver. The anode scrap was re- 
turned to the furnace. 

The electrolyte issuing from the cells and deprived of most of the 
copper, still contained about 1 part of copper to 80 parts of nickel; this 
remaining 1.25 per cent, of copper was chemically precipitated by treating 
the electrolyte issuing from the copper cells, with sodium sulphide and 
then filtering off the precipitated cuprous sulphide. 

The solution then consisted of a mixture of NiCls, NaCl, and a small 
amount of FeClj. This solution was then treated with some of the chlorine 
gas from the nickel cells, in order to oxidize the ferrous chloride of ferric 
chloride. By means of sodium hydroxide the iron was then removed from 
the solution. After the removal of the ferric hydroxide, the solution is 
a mixture of NiClg and NaCl, and was then evaporated. In this way it was 
brought to such a concentration that the total sodium chloride separated 
out. The solution then contained only NiClg, and while still hot, it was 
flowed into the nickel electrolyzers. In these cells nickel was deposited on 
the cathodes and chlorine released at the anodes; 

NiCl 2 + electric current = Ni + CL 

The chlorine so produced was conducted to the shot tower to react with 
more of the copper-nickel alloy. The solution as it became impoverished 
in nickel chloride was returned to the evaporator. 
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The nickel cells wore made of concrete and the multiple system was 
used, as in the (topper cells. They differed from the latter in size and in 
the use of a ] )orons diaphragm. As the electrolyte was more concentrated, 
the size of the cells was 2.37 meters in length, 71.5 cm. in width, and 40 
cm. in depth. Tlie catliodes consisted of strips of nickel of 28 cm. in 
length and 14.7 cm. in width; several such strips being suspended side by 
side fj'om a (conducting rod across tlie cell. Opposite to each series of 
nickel (cathodes there was provided a series of Acheson graphite anodes, 
each being surroundcHl l)y a porous clay cylinder, without bottom, and of 
oval cross s(actio]i; the short axis of the ellipse, perpendicular to the 
surface of the (dectrodes, was 8.75 cm. long, and the long axis 10.25 cm. 
These clay (cylinders nearly reached to the bottom of the ccdls although 
some space was Iccft })etw(Kcn tlieir lower ends and tlio bottom, in order 
to make a frcnc (ciiaculation of the ehuctrolytc possible. These porous 
diaphragms j)r(cv(‘nt(‘d su(c<cessfully any cidorine from passing to the 
(cathod(\s and diminishing tine cunxmt efficiency. The efficiency was 
very good; during a period in whi(ch 10,()0() kg. of nickel were produced 
it was in the avccragcc 1.029 gr. Ni jier amperci-hour, f.c., 93.5 percent, 
of the theor(‘tical curreent effickency. The upper ends of the porous cyl- 
inders w(‘r(c (c()nn(‘(ct(‘d to a cross tube of pottecry ware, with an asphalt 
coating through whiccJi tine chlorine was led off. 

Nccarly all of tluc (chlorine was led to the tower containing the nickel- 
copp(cr shot; only a small jjortion was used to (conveert the ferrous chloride 
into th(c feri'ic (chloride. Tluc consumption of power in the nickel-deposit- 
ing cdls was much grea-ter than in the copper-depositing c(3lls. The 
voltag(3 at tluc tccrminals p(‘r nidvel (cdl was 3.5 to 3.G volts; there was also 
some loss of voltagcc in tluc conductors and contacts so that about 5.3 
h- p.-lu)urs wer(3 rcupunul p(U’ kilogram of nickd deposited. These 
figures weere dulmucd from tlui following data representing a test of the 
operation in 1902. Th(‘r(3 wer(3 consumed during the test 52,524 h. 

p. -hours; duration, of experinumt G79 hours; average) current 896 
ampencs; total am])(U’(c-h()urs 608,384; number of cells during the greater 
part of the time IG, and during a short period 35, the average being 15.97. 
As tlie cells were (comucccted in series, the tlucorctical amount of nickel 
deposited would b(c cccpial to the product of the number of cells (15.97) 
the numl)er of ampccnc-hours (608,384) and the electrochemical equiva- 
lent of bivakmt Ni in grams per ampere-hour (1,09); this would give 
10,590,000 grm. or 10,590 kilogrm., while the amount of nickel actually 
deposited was, 9,898.9 kg. or 93 1/2 i)er cent, of the theoretical amount; 
the actual consumption of power was 5.3 h. p.-hours per kilogram. 

The difference of the power consumed in the deposition of the copper 
and the nickel is considerable. The weight of the copper deposited from 
CU 2 CI 2 per ampere-hour is about twice that of nickel deposited from 
NiClg per hour, while the actual voltage is 12 times smaller for the copper 
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than for tlie nickel, hence the energy required for the deposition of the 
copper in this process is 24 tiznes smaller than for nickel for equal weights 
of deposits. The nic‘kel deposited in the l^rowne process had excellent 
niechanical projzerties and was of high j^urity. 

The electrolyte for the process was produced in the tower which 
contained a (piantity of copper-nickel shot of the same weight as the 
anodes, for this purpose chlorine was supplied from the nickel-depositing 
cells and the sodium cliloride from the evapoiaitor; a proper quantity of 
water and a small ciuantit}' of hydrochloric acid was added. The shot 
is thus dissolved and the solution was supplied to the copper electro- 
lyzers. An addit ion of hydz-ochloric acid was necessazy, because some 
[idditional chlorine was ref[uircd for the formation of the electrolyte, 
while hydrogim escap(‘s. This may be made clear from the following 
considerations. 

A [ten* the solution has passed out of the copper-depositing cells, sodium 
sulphide is added, tin; sulphur comizining with the copper of the cuprous 
chloiide, while the sodium remains as sodium chloride in the solution. 
Lat(‘r sodium liyilroxidz; is added, the iron is precipitated as hydroxide, 
while new sodium chloridt; is formed in the electrolyte. Hence, in two 
steps of the proccsss, sodium is substituted for copper and the iron in 
their chloride solut ions. If in the evaporator, all the sodium is separated 
from tin; solution, it.s quant it-y will be somewhat greater than the amount 
of sodium chloride whicli was supplicul to tin; shot during its solution in 
the b(‘ginning of t iu^ proccsss. This surplus of sodium chloride comes from 
tin; sodium, which was added in the form of sodium hydroxide and 
sodiuzzi sul|)hide, and from the chlorine ions which were present, and the 
(‘hlorine undzu’goes a cyclic; j)ro(;ess partly free and partly in combination, 
it follows that tiuu’c; would be a defi(;i(mcy of chlorine at the end of a 
eyede; if a (|uantit.y of liydnxdiloric acid was not supplied to the shot, 
(‘quivahmt to the amount of sodium in the added cpiantities of sodium 
liydroxide and sodium sulphide. These quantiti(;s ai’C small because the 
amounts of cuprous (diloridc; aft(u* the solution has left tlic copper-deposit- 
ing ccdls, and tin; amount of iron in soluiiun are small. Hence only a 
relatively small amount of hydrochloric aedd is required. 

Browne found that in electrolyzing a hot nickel chloride solution, free 
from siilphat.(‘s, the A(;hc‘son graphite anodt;s proved so excellent that 
their corners and edges remained sharp after two or three years. 

Sjostedt-James Process. ^—This process consists in dissolving the copper 
and nickel with sulphuric acid, eicctrodepositing the copper with insolu- 
ble anodes, then making the solution ammoniacal, separating the iron 
by air blast, and finally depositing metallic nickel from the heated 
bath. 

The ore is treated for 8 or 10 hours with 40 per cent, sulphuric acid at 

1 U. S. Patent 725,998. 
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the boiling-point. Copper is deposited, using copper cathodes and insol- 
uble anodes, and a current density of 0.3 amperes per square decimeter, 
the electrolyte being agitated by a current of air. When the solution is 
sufficiently concentrated in nickel, the copper is completely separated by 
filtering through a bed of iron sulphide or nickel sulphide. The solution 
is nearly neutralized with caustic soda, then rendered ammoniacal, and the 
iron precipitated by an air blast. The nickel is then deposited from the 
resulting neutral or slightly ammoniacal solution, with insoluble anodes, 
and nickel cathodes, the solution being agitated and heated by a blast of 
hot air. During the decomposition of the nickel, a current density of 
0.6 to 0.9 amperes per square decimeter is maintained. 

The Gunther-Franke Process.^ — In this process the ore is smelted to a 
copper-nickel matte which is then ground, and brought in contact with 
chlorine either in the form of gas, or in its nascent state, whereby the 
metallic sulphides are converted into the corresponding chlorides; after 
which the pure metals are clcctrolytically separated. 

If the chlorine is used in the form of gas, the ground matte is intro- 
duced into a closed drum together with the solution of a (chloride, such as 
sodium chloride, calcium chloride, magnesium chloride, or co])per 
chloride, and treated with chlorine gas. The reaction which takes ])la(;e 
if the temperature is not too high, is to convert the sulphides of the metals 
into the corresponding chlorides or sub-chlorides, while at the same time 
sulphur is set free. Under practical (conditions more or kess of tlie 
sulphur contained in tlie copper-nickel matte is not ol)tain(Hl in its free 
state, but in the form of sulphuric acid. In ordevr to reduce the cpiantity 
of sulphuric acid it is necessary to take care that the temperature is 
permanently kept at an invariable point. 

The metals contained in the copper-nickel matte, bedng converted 
into the form of chlorides, the solid particles arc separatcal IVom the solu- 
tion and the solution is fined from sulphuric aedd and other impurities 
so that, technically speaking, a pure nickel-copper solution is oliiained. 
This nickel-copper solution is (decitrolyzed with insolulile anodes. Co])p(‘r 
is deposited at the cathode while at the anode chlorine is liberatcul. Tlie 
chlorine may be used for treating new jiortions of c.opper-ni(‘.kel matte. 
The electrolyte becoming poorer in co])per during the electrolyzing pro- 
cess, fresh copper-nickel solution is added till the contents of the bath 
in nickel is raised to a certain desired concentration. The bath is tlicni 
freed from copper preferably by electrolysis and l)y precipitating the last 
traces of copper chemically, as for instance, by metallic nickel. The 
solution purified from copper and forming then a solution of chloride of 
nickel is then electrolyzed with insohible anodes. In this electrolytic 
process chlorine is again set free and may be used for creating fresh por- 
tions of the copper-nickel matte. The nickel is deposited on the cathode, 

^ U. S. Pat. 876,633, Feb. 18, 1908. 
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The matte residue separated from the solution after the chlorine treat- 
ment consists substantially of sulphur and small portions of sulphides. 
The sulphur may be separated from the matte particles^ and the matte 
particles may then again be treated with chlorine. 

If it is intended to use the chlorine in the nascent state for treating 
tlie copper-nickel matte, tlie matte is used as anode in an electrolyzing 
process in which the electrolyte is formed of a hydrochloric acid solution 
of copper chloride in mixture with an alkali metal chloride. The cathode 
is a sheet of pure copper. In such an electrolyzing process chlorine is 
produced at the anode which converts the sulphides of the metals into 



tliC corresponding chlorid<‘s, at tiu* same time liberating sulphur. The 
chlorine at the ariodii is (Uitin^ly us(‘d for bringing metal into solution. 

In vi(‘W of ilx(t fact that more copper is deposit(*d at tlu^ ca,thod(^ than 
goes into solution at- tln‘ anode, it is luna'ssary to introduces a (a)rres])on(l- 
ing amount of co|)per salt into the bath. Tlie niedeel accmmulates in the 
solution, and wlien sufficdcmtly concemtrated, it is purified, and the nickel 
deposited with insolubles anod(\s. 

The Hybinette Process^- In the Ilybiiudte j)ro(;ess, the copper-nickel 
ore and matte is first converted into a crude copper-nickcl alloy, and 


*U. S. Pat. 805.969. Xov. 28. 1905. 
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this alloy electrolyzed in a sulphate solution. Fig. 68 shows the 
electrolyzer employed in the process, in which I is the electrolyzer, 
which is preferably a wooden tank lined with lead. It has an overflow 
which always keeps the level of the solution at I and contains a filtering 
bag D. The filter bag is made up of the wooden frame if, and two 
thicknesses of cotton cloth D, separated by the wooden frame K, C 
is the cathode plate with the wooden rib E, which is shown in the 
drawing to extend over the bottom edge of the cathode; but it may 
for still better protection extend all around the plate. B represents the 
anodes. F is the inflow, which is regulated in such away that the 
solution in the bag stands at the level H, which is about 1 in. above 
the level 3. The rib E prevents the cathode from warping and making 
contact with the bag. 

In separating the copper and nickel, Hybinette employs as electro- 
lyte a dilute solution of sulphate of nickel with a small proportion of 
weak acid — such as phosphoric acid, boric acid, lactic acid, or other 
organic acid. 

The first step in working the process consists in placing in the elec- 
trolyte an anode composed of the alloy to be separated and a cathode- 
plate upon which the metal is to be deposited, and separating the elec- 
trodes by a pervious diaphragm, such as filter cloth. This is done by 
enclosing one of the electrodes, preferably the cathode, in a cloth bag. 
The cloth bag or diaphragm is so porous that if it were alone relied upon 
to separate the anolyte from the catholyte, the solutions would mix and 
become homogeneous in a short time. Its action is therefore supple- 
mented by keeping the solution in motion, causing it to flow from the 
cathode to the anode through the porous material, and thus preventing 
the metal which has been dissolved at the anode from coming in contact 
with the cathode. 

The anode may consist cither of a pure alloy of copper and nickel, con- 
taining say equal parts of these metals, or containing theixi in other pro- 
portions, with considerable amounts of impurities such as sulphur, iron, 
carbon, silicon, etc. 

The cathodes consist of copper plates, made of heavy metal — say 
0.10 to 0.15 in. thick— held by a non-conducting, wooden frame. These 
thick metal plates when hold in the frame will not warp and come into 
contact with the diaphragm, which would interfere with the process. 
To make the diaphragms more reliable, two thicknesses of cloth are used, 
at a distance apart of about 1/2 in. The electrolyte is caused to flow 
into the bag and through the filter cloth at right angles to the surfaces 
of the electrodes to the anode side of the tank. The rate of flow is 
easily regulated by maintaining a desired difference of level between the 
anode and cathode compartments. A constant flow of the nickel sul- 
phate is supplied to the cathode-bag, and although deposition is going on. 
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the solution standing in the bag does not become deprived of its nickel 
and thereby acidulated. The operation goes on continually, nickel 
being deposited at the cathode until a sufficiently thick plating has been 
made, when the cathode plates are removed and the nickel stripped there- 
from, and there is a corresponding simultaneous solution of the copper, 
nickel, and iron at the anode until the anode is dissolved, when it is 
replaced by a fresh anode of- impure alloy. 

The second step of the operation is to remove the dissolved iron and 
copper from the liquid which flows from the electrolytic tank. The 
copper is precipitated on pure nickel slabs with solution kept at boiling 
temperature. 

The iron is removed by passing the solution through an electrolytic 
tank containing insoluble anodes of platinum, lead or carbon, by which 
the iron compound is converted by oxidation from the ferrous to the 
ferric condition. The solution is then passed into a tank where nickel 
carl)onate is added to it in excess. This precipitates the iron as carbon- 
a!,c, and it is then recovered from the solution by fdtering. The solution 
is them returned to the bags, or cathode compartment, of the electrolyzers. 

The ])rocess is tluu'efore continuous; tlie nickel electrolyte being 
supi)lied to the porous l)ags in a continuous stream, so as to maintain an 
oiitward current from tlie cathode, the eqiuvalent of copper, nickel, and 
iron being dissolved in the liciuid on the anode side. The liquid thus 
tiauited is regcmcu'ated by cementation on slabs of copper or nickel free 
from carbon, silicon, and sulphur. The iron is then extracted from the 
Bolution, pnderably by oxidation and precipitation, and the liquid thus 
regenerated and purified is again supplied to tlic electrolyzers. 

Cito Process.— In a paper read before the Pittsburg meeting of the 
Electrochemieal Society, May, 1910, Camillo C. Cito of the Irvington 
Smelting k Eefniing Works, describes^ a new process for the treatment of 
co|)per-co!)alt-ni(tkel ores, ricli in silver and arsenic, by combined smelt- 
ing and eIecd,ro!ytic operations. 

In this process the ore is smelted, without any preliminary roasting, 
in a reverberatory furnace with a c|uantit.y of copper and the necessary 
amount of the usual fluxes. 

The addition of the copper practically eliminates arsenic from the 
fumes in the smelting process })ecause the arsenic is al)Borbed by the 
copper. 

Only two products result from this smelting process: 

1. An alloy ^ containing besides copper, all the silver, nickel and 
cobalt, and nearly all the arsenic. On account of the subsequent 
electrolytic refining of this alloy, it is important that the different metals 
composing it should be present in a certain proportion, viz., it is necessary 
that: (a) The percentage of copper be two-thirds that of the nickel and 
^See also U. S. Patents 522.475 and 632.080, Feb. 15. 1910. 
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cobalt, but (b) at least the same as that of the arsenic, and preferably 
not less than that of the silver. The alloy is tapped from the furnace 
directly into anode moulds. Besides the alloy there is obtained: 

2 A slag, containing a very low percentage of silver, nickel, and 
cobalt. This slag can be used to advantage as a flux in the blast furnace, 
where the last traces of the metal can be recovered. 

For instance, when smelting 174 lb. of the ore with the proper amount 
of copper and the necessary fluxes, no fumes were visible. The result 
of the smelting is to be seen in the following table : 


TREATMENT OF COPPER-NICKEL ORE AND MATTE 



Canadian ore before 

Alloy after smelting 

Slag after smelting 


smelting 174 lb. 

195 lb. 

56 lb. 

Silver 

6200 oz. per ton 

5500 oz. p(3r ton 

20 oz. per ton 

Arsenic 

12.r>% 

10.75% 

trace 

Nickel and cobalt 

31.0% 

27 ^ r, 

0.5% 

Lead 

none 

none 

none 

Copper 

none 

10.5% 

0.5% 

Iron j 

3.5% 

0.5% 

7.6% 

Sulphur j 

1.0% 

1.2% 


Insoluble ' 

9.64% 








All the valuable metals pass into the alloy; only a small fraction of 
the silver appears in the slag (20 oz. per ton). The data concerning the 
arsenic is noteworthy; 174 lb. of raw ore containing 12.5 per cent, arsenic, 
after the smelting, yields 195 lb. of alloy containing 10.75 per cent 
arsenic; allowing for the small error in analysis, it results clearly from 
these figures that no arsenic has escaped in the fumes. 

The Electrolytic Process . — The different metals of the alloy are 
separated from the anode in an electrolytic bath l)y the electric current. 
The electrolyte consists of a solution of copper sulphate in water, which 
during the whole of the electrolytic process contains at least 10 grm. 
of copper and 5 grm. of free sulphuric acid per liter. 

The cathodes arc sheets of pure copper. 

The density of the current has to be regulated according to the 
composition of the anodes and electrolyte and according to the temperature. 

The temperature is kept advantageously at 60® C. or higher, and is 
otherwise regulated by the percentage of arsenic in the anodes. In case 
proper conditions prevail, viz., if the electrolyte as well as the tempera- 
ture and the electric current correspond to the composition of the alloy, 
the following results will be obtained: 

1. The copper contained in the anode is deposited in the form of pure 
electrolytic copper on the cathode. 

2. The silver of the anode is quantitatively precipitated in the slimes. 
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3. All the nickel and cobalt dissolved from the anode remains in 
solution in the electrolyte. 

4. At the proper temperature the larger part of the arsenic is found dis- 
solved in the electrolyte, the balance going into the slimes with the silver. 

The copper deposited on the cathode is exceedingly pure. A deter- 
mination of the copper yielded 99.89 per cent. Cu. 

The slimes, of course are rich or poor according to the percentage of 
silver in the anodes. Under all circumstances the slimes contain all the 
silver in the anodes, as neither in the cathodes nor in the electrolyte 
can traces of silver be determined. The small quantities of arsenic 
which go into the slimes, together with the silver, can be easily 
removed by a light roasting or dissolving process. The slimes can 
then without any difficulty be refined by the usual cupelation process. 

The Electrolyte, containing the whole of the nickel-cobalt and larger 
part of the arsenic can be brought up to the following concentrations: 

Silver, None. 

Copper, 10 grm, per liter. 

Nickel-cobalt, 55 grm. per liter. 

Arsenic, 30 grm. per liter. 

By using insoluble anodes almost all the copper contained in the 
electrolyte can be precipitated as pure copper on thin lead cathodes. 
The density of the current can be lowered according to the decrease of 
the copper in solution, and at the same time the temperature can be 
raised. With a current density of 150 to 200 amperes per square meter 
and a temperature of 80° C. the copper in the electrolyte can thus be 
reduced to about 2 grm. per liter. 

The precipitated copper is very smooth, and can be detached from 
the lead sheets and used as cathodes in the regular electrolytic baths. 

The remainder of the copper is advantageously precipitated by 
hydrogen sulphide in the cold, whereby very little sulphide of arsenic is 
formed. This copper product can be used as a flux. 

All the arsenic can then be precipitated by hydrogen sulphide upon 
heating as practically pure sulphide of arsenic, which can be placed on the 
market as such. 

Nickel and cobalt can now be recovered, together or separately, by 
any of the methods usually employed, such as electrolysis or chemical 
precipitation. 

PROCESS USED AT KRUGHUTTE, MANSFELD COPPER CO. 

A new process is mentioned in Metallurgie of Jan. 8, 1908; it is being 
tried at the Krughutte, near Eisleben, of the Mansfeld Copper Co. The 
object is to avoid the silver loss during the bessemerizing of copper matte 
and to avoid also the troubles of the effect of sulphur fumes on vegeta- 
tion. It has been found that in bessemerizing copper matte the loss of 
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silver increases during the progress of the operation and reaches a maximum 
after the sulphur and iron have been removed. Only when a concentra- 
tion of 79 to 80 per cent, of copper has been reached, the loss of silver sets 
in. It is, therefore, proposed to stop with bessemerizing when the copper 
matte contains between 72 and 76 per cent, of copper. This is then to be 
treated directly by electrolysis by a process of the Metallurg Ges. inFrank- 
fort.^ The sulphur is removed by electrolysis and obtained in elemental 
form. Silver, sulphur, nickel, etc., may be easily and completely re- 
covered from the anode slimes. The cathode copper is claimed to be as 
good as any electrolytic copper. The process is being tried practically 
on a large scale in a plant for a yearly production of 600 tons of elec- 
trolytic copper, and has been in use since the middle of Feb., 1907. It 
is claimed that the process has so far proved technically reliable on a large 
scale. 

' German Patent 160,046, Oct. 5, 1904. 
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PRECIPITATION OF COPPER FROM MINE WATERS 

The precipitation of copper from mine waters dates back to the 
fifteenth or sixteenth century. It is referred to in the writings of 
Paracelsus the Great who was born- about 1493 and died in 154H as 
follows: “For truly when the rustics in Hungary cast iron at the proper 
season into a certain fountain, commonly called Zifferbrunnen, it is con- 
sumed into rust and when this is liquefied with a blast-fire, it soon exists 
as pure Venus (copper) , and nevermore returns to iron. Similarly in the 
mountain commonly called Kutenberg they obtain a lixivium out of 
marcasites, in which iron is forthwith turned into Venus of a high grade, 
and more malleable than the other produced by nature.’' 

It is also referred to by Basil Valentine, who wrote about 1500; it 
was in practice in the Lower Hartz until the middle of the sixteenth 
century; it was in operation in Peru before the year 1637; it was patented 
and practiced at Rio Tinto as early as the sixteenth century. ^ 

Since the precipitation of copper by iron was first discovered it 
has been used in various parts of the world. Its largest and most 
comprehensive development has been at Butte, Montana, since 1880, 
when it was discovered that the mine waters were sufficiently copper- 
bearing to warrant precipitation. 

The weathering effect on cupriferous sulphide ores, is to convert the 
insoluble copper sulphide into the soluble copper sulphate. In large 
mines, which have extensive underground workings, the low-grade ore 
and waste material in the old stopes, through the combined action of 
air and water become oxidized and the copper, due to its own oxidation 
and the action of ferric sulphate, becomes soluble. A similar action 
takes place in old waste dumps. Frequently, also, as the result of 
underground fires, the sulphides are converted into sulphates, which 
render the copper soluble in the mine waters. The copper, once solu- 
ble, is readily precipitated with scrap iron. 

In some of the older and larger mines, notably the mines at Butte, 
Montana, and the Copper Queen, Arizona, the precipitation of copper 
from the mine waters, has assumed enormous proportions. No less than 
30 precipitating and waste dump leaching plants are in operation along 
the Silver Bow creek in East Butte, and the total output of precipitate, 

^ English translation by Arthur Edward White, Vol. I, page 28, London, 1894. 
Horace V. Winchell, Min. and Scientific Press, Feb. 24, 1912. 

2 W. G. Nash, Mining and Scientific Press, Feb. 3, 1912. 
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or cement copper, is about 750 tons per month. The product will 
average from 60 to 75 per cent, pure copper, and the monthly recovery 
is approximately 900,000 lb. Of this quantity about 80 per cent, is 
recovered from the copper-bearing mine waters, and about 20 per cent, 
from the water percolating old tailing dumps. 

Precipitation of Copper from Mine Waters at Bntte. — The precipitation 
of the copper, according to A. F. BushnelP was first put on a business 
basis at Butte in 1901 by William Ledford, who secured a 3-year lease 
on the water of the St. Lawrence and Anaconda mines at a 25 per 
cent, royalty. During this lease the co]>per water became so strong 
that in a short time it ate up the ])ipes through which it was pumped 
to the surface, wherefore the companit^s weakened the water by 
passing it over iron underground. Ledford contested this on the 
ground that he was to have the entire right of precipitation, and 
sued the Anaconda company and was awarded a few thousand dollars 
damages. 

After I.edford^s s\i(UH\ssful venture the (‘ompanies refused further 
lease, deciding to do their own prec-i})itating. At the ])resent time tlie 
operators of the various precipitai.ing plants arcs the large (companies 
themselves, down to the leascn-s and to tlu^ intlividuals wlio take the tail 
waters from the large opcu’ators and win from it. a little of the remaining 
copper that will precipitate. 

The Boston & Montana, an Amalgamated company, acutording to 
Stone^ alone recovers 1 ()(),()()(} lb. of copp(»r pea* month, and its operations 
show a |>roflt over the entire pumping exjxmsc^. 

Great difficulty was at first <^xperi<mccKl l)y the mining companies, to 
find something that would withstand the acduon of the mine waters on 
pumps and pipes and that would bo within a reasonable (!ost. Phosphor- 
bronze castings were found to lie ncicessary for tlu!! emtin^ water end of all 
pumps where the watc^r was found to be even slightly acid. The phosphor- 
bronze is composed of 93 per cent, coppe^r, 0.5 per cent, phosphorus, 
4.5 per cent, tin and 2 i)er cent. lead. Tliis metal, howevcu*, was too 
expensive for pipes. 

Flanged steel pipes with lead gaskets and lead lining were found to 
withstand the action of the water with a degree of satisfaction, but wood- 
lined pipe, wliich is less expensive, is now in practically universal use 
throughout the liutte district. For high-pressure water columns in 
shafts and other lower pressure pipes, a flanged steel pipe is used 
and the wooden lining forms a male and female connection at the 
joints. 

The lining is composed of pine slats put in place with hot asphaltum 

and M, J., June 29, 1907. 

® Charles J. Stone, E, and M./., May 8, 1909. 
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and the key piece is fitted and driven in firmly, so that the lining is held 
tightly in place. The whole pipe lining is then carefully painted with 
asphaltum, and when the pipe is put in place, great caution is taken in 
packing the joints to prevent seepage. In shafts where water from the 
upper levels drips on the pipes, it has been found necessary to thoroughly 
paint and cover the pipes with canvas, and the canvas then receives a 
thick coat of asphaltum. Wooden, wire-bound pipes are also used 
underground for light service, and on the surface wooden launders are 
used. 

The copper content as well as all other mineral salts and the amount of 
free acid in the mine waters, varies widely in different mines and different 
sections in the district. Cupriferous waters were not encountered to 
any great extent in the upper levels, nor at shallow depths, but when 
the shafts penetrated the great copper horizon at from 500 to 2200 ft. 
in depth, the waters were found to be highly charged with mineral salts and 
free acid. 

Old workings, abandoned upper levels and gob or stope fillings that 
have long been exposed to the oxidizing influence of air and where waters 
leach through them, are productive of the highest grade of cupriferous 
water. When a deep level is opened, the flow is found to contain free 
acid, but only a small amount of copper sulphate is present. As the 
levels become opened and the decomposition of sulphides takes place, 
the water is enriched. 

A flow coming from a section where the sulphide ore is burning or 
from a level where the fire has been extinguished, is remarkably enriched. 
The mine water of the Boston & Montana has been built up within a 
short period of time from this source alone from 0.02 per cent, copper 
content to above 0.2 per cent., and at this strength it threatened to 
destroy the phosphor-bronze castings of the pumps. For this reason an 
effort was made, where possible, to regulate the grade of water to a 
strength that will not attack the bronze pump parts. 

The cupriferous water from the various mines carries from 0.01 per 
cent, to 0.031 per cent, copper as sulphate. It would appear that the 
mine waters are extremely poor in copper as compared with the solutions 
in a leaching operation, but when a mining company is pumping 500 
gallons per minute, the precipitation amounts to approximately 1600 
lb. of copper per day and the saving is effected with but little 
expense. 

The copper precipitation is effected in open launders, and in towers. 
The launders are set at a suflfleient grade so that the water flows rapidly, 
and scrap iron of all classes is thrown into it, but care is taken to allow 
the water to flow freely. The launders are from 3 to 4 ft. wide and from 1 
to 2 ft. in depth, and are built single or double. The water is kept at from 
6 to 12 in. in depth in the launders. If the water as it comes from the 
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mine is strong in acid, better results are obtained where the water flows 
at a greater velocity, but if weak in acid, a slower flow is desirable. It is 
well at all times to keep the iron and the launders free from accumula- 
tions of iron oxide. 

The towers are built from 8 to 12 ft. wide, 10 to 14 ft. high, and from 
50 to 150 ft. long, the size depending entirely upon the flow to be handled. 
They are built open on sides and ends and large scrap sheets of iron are 
placed to hold the dripping water within the water-tight bottom; or they 
are enclosed entirely on all sides by baffle-boards to keep all water within 
the tower sump. The water comes into the top of the tower in an open 
launder and the flow is regulated by means of gates and side distributing 
troughs so that the shower is uniform throughout the tower. The tower 
is filled with scrap iron for perhaps one-quarter to one-half its 
height. 

Experience has shown that a better extraction is effected in the 
towers than in the launders. This is especially noticeable where the 
solution is both weak in acid and copper. Doubtless exposure to air 
has a beneficial effect, but the arrangement is more efficient in that the 
falling water keeps the scrap iron clean and bright, and prevents an 
accumulation of iron oxide slimes. 

A clean-up is effected by turning the flow into other launders of the 
plant, scrubbing and washing the scrap free from copper scale and sluic- 
ing the launders and tower sump into settling tanks, where the clear 
solution is decanted off. The cement copper is then dried, barreled and 
shipped to Great Falls where it is smelted in reverberatory furnaces. 
The average quality of the precipitate is between 60 and 70 per cent, 
copper. 

A well arranged plant is so located that the solutions can flow by 
gravity from the mine through the launders and down through towers, 
with the clean-up vats below. It is well to place the clean-up vats and 
dryer under the same roof. The extent or magnitude of the plant de- 
pends upon the limit of extraction it is found profitable to make from the 
solution. All launders and towers should be built in parallel duplicates 
so as to facilitate rapid and thorough cleaning. Wrought iron and steel 
scrap are better than cast iron and thin sheets are more satisfactory than 
heavy pieces. About 75 lb. of cement copper are recovered in practice 
from 100 lb. of scrap material. 

A number of large tailings dumps from the early concentrating .mills, 
which were neglected for years, are being worked successfully in connec- 
tion with the precipitation from mine waters. The dumps carry approxi- 
mately 1 per cent, of copper. Years of weathering have made possible 
the leaching of these tailings on a profitable basis. 

The dumps are from 20 to 50 ft. in depth and cover many acres of 
ground. The dump, which is located in the bed of Silver Bow creek, 
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contains more than 200,000 tons of sands. They average from 20 to 30 
ft. in depth. 

The supposedly barren tail water from the precipitating towers of the 
Boston & Montana Company is elevated to the highest point on the 
dump. Ponds of from 5000 to 15,000 sq. ft. are arranged so that the 
over-flow from the higher will run to the next lower pond until the entire 
flow is absorbed. To reclaim the water after it has leached through the 
sands and taken up the soluble copper, two level tunnels were driven 
through the dump on the slime-covered soil of the valley and a cribbed 
trench surrounds the dump, all of which lead to a common sump to be 
elevated into the precipitating towers or flows by gravity into precipitat- 
ing boxes. 

The water which is fed to the ponds contains but a trace of copper and 
is very weak in free acid. After the leaching, its copper content has been 
built up to 0.02 per cent, and precipitation is satisfactory. The prod- 
uct from this particular plant averages 80 per , cent, copper, 750 
gallons of mine water are pumped per minute upon the sands and, approx- 
imately 80 per cent, of this is recovered and fed to the precipitating plant. 
A daily analysis of the leached solution gives a close estimate of the daily 
recovery of copper. 

Bushnell gives the cost of recovering the copper from the Butte mine 
waters as 8 cents per pound. 

According to Probert^ the consumption of scrap iron at the Parrott 
Precipitating Plant at Butte is figured at 4 units of iron per unit of 
copper obtained. 

The following method is used for leaching and precipitating at the Red 
Metal precipitating plant on the tailing dump of the Montana Ore Pur- 
chasing Company's old concentrating mill.^ The original tailing carried 
about 1 per cent, copper and was deposited on a bed of slime which 
provides a very effective impervious stratum, preventing the loss of 
leaching water. 

The dump is divided into two sections and has a total area of about 10 
acres. The surface of each section is arranged in terraced ponds, into 
which the leaching water is pumped by means of Morris phosphor-bronze 
centrifugal pumps. On the larger section, one 20-h. p. pump elevates 
about 700 gallons per minute to a height of 25 ft. Both pumps are motor 
driven ^nd require but little attention. The leaching water used in this 
plant is mine water which has been previously treated in a precipitation 
plant where about 95 per cent, of its copper content has been recovered, 
leaving from 0.003 to 0.004 per cent, copper. 

^ Min. and Scientific Press, Jan. 4, 1908. 

^ Mettallurgical and Chem. Eng.f Nov., 1910. 
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Analysis of Mine Water Used in Leaching 


Constituents 

Grams per liter 

SiO.,, 

0.0992 

Cud, 

0.0225 

Al.Oa, 

0.1241 

Fe^O.,, 

0.1541 

FeO, 

1.5082 

MnO, 

0.0502 

ZnO, 

0.4257 

CaO, 

0.3936 

MgO, 

0.2172 

SO,, 

3,5400 

Cl, 

0.0234 


The percolating water is colleetecl in tunnels extending through the 
bottom of the dum}>, and is finally discharged into a sump wlnvro it is 
pumped to the precipitat ing launders. On the larger dump the tuiuuLs 
are about 2()() ft. apart and luivo. an aggregates hsngth of 12()() ft. Tlu^y 
arc 5 ft. high^ 2 ft. wide at the top and timlxuTd throughout. On tins 
smaller dump tlu^re are about 800 ft. of tunn(‘Is. The uuml)er and 
length of tunnels is d(^p(‘nd(mt on tlu^ nature of the ground on which tJie 
dump is formcxl. Porous ground which would pcaunit luuivy loss of watcu' 
by seepage would rcc|uire moni colhxdjng tumu^ls than an impcu’vious 
foundation stratum. At the Red Metal plant the seepage loss amount.s 
to about 20 per c(uit. 

A section of i.he dump surface is allowed to dry out periodi(udly, so 
that the accumulation of pnxdj,)itated iron com|)oundH may I)e removed 
and the dumi) mat»(vrial allow<‘d to oxi<li55e before furtlu^r Ic^aclung. Tlui 
rapid accumulation of iron compounds is due to tlu^ fact that the mine 
water used c-arries considcu’able iron from previous treatimuit, and ofi 
exposure to the atmospheres deposits tlui oxide and l)aBi(SBulphat(i of iron. 
This accumulation previmts leaching and is ocauwionally Berai)(Hl from 
the 8urfa(u) of the })ond. By this trcuitimuit thc^ dump yields a (a)nHtant 
supply of coppeu*^ this paiimmlar dump having been loatduisd continuously 
for 4 years witli no appanmt diminution in yield. 

The leaching water collectcKl through tlio tunnclB carries from 0.015 
per cent, to 0.03 i)er cent, coppcir. This is not as high grade as some of 
the mine waters, l>ut is profitable. The launder system is preferred for 
precipitation rather tlian the tower system. Tlie advantages lie in 
convenience of operation, particularly in charging the launders with 
scrap iron, and in cleaning up the copper precipitate. The launders are 
4 ft. wide and 1 ft. deep, and preferably have a fall of 1/2 in. to 3 ft. 
Launders of this size and from 000 to 700 ft. long will serve to precipitate 
successfully 400 gallons of copper-bearing water per minute. At the 
Red Metal plant the launders are 700 ft. and 512 ft. long, respectively, on 
the larger and smaller dumps. 
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Scrap iron and tin cans are used for precipitation. Paper must be 
removed from the cans, and if greasy they must be burned before use. 
The Red Metal plant has about 75 tons of scrap in constant use; the 
launders are replenished with about 1000 lb. daily. Iron is consumed at 
the rate of 1 1/2 lb. for each pound of cement copper produced. The 
precipitated copper is swept from the iron every 2 hours during the 
day, and is carried to the sump by the stream of water flowing through the 
launders. Thus no handling of the iron is necessary after it has been 
placed in the launders. From the sump the copper is shoveled onto a 
drying platform and is shipped to the refinery with about 15 per cent, 
moisture. 

The recovered precipitate assays about 75 per cent, copper and 8 
per cent, iron, with smaller percentages of other impurities. About 90 
per cent, of copper in solution is precipitated in the system described. 
The richer the solution the more efficient the precipitation. Scrap iron 
is paid for at the rate of 88.00 per ton, although as high as $12.00 has been 
paid when copper was selling for 25 cents. Payment for precipitates is 
made on the wet assay, less 1.3 per cent., and at 4 cents less than the 
market price for copper. 

Power costs $6.00 per horse-power-month. Labor cost is low, as 
two day laborers and one night watchman only are required at the Red 
Metal plant, in addition to the superintendence. 

According to Floyd BushnelP a test made with the same water shows 
that tin cans produce a 33 per cent, copper precipitate, and iron 50 per 
cent. The operators sell their output to the smelters at 4 cents less 
than the market quotation for copper; the shippers must pay a treat- 
ment charge of $5.00 per ton. Because of the increased demand for 
scrap iron for precipitation purposes during the past 5 years the price 
of old iron has increased from $7.00 to $12.00 and $14.00 per ton; $10.00 
is the average price for a ton of tin cans. 

The Boston & Montana plant at Meaderville, is one of the largest and 
most up to date in the district. Two flumes, 1000 ft. long and 4 1/2 ft. 
wide, 800 lin. ft. of boxes, and four large towers are operated by this 
company. The towers are 100 ft. long, 30 ft. high, and 6 to 8 ft. wide. 
The lower towers have two electric elevators to raise the iron to the top 
of the towers. The precipitate is dried to 8 per cent, moisture, barreled, 
and shipped in 30-ton lots to Great Falls for treatment; three shipments 
per month is the average output. The average strength of the Boston 
& Montana copper water is 0.05 per cent. But during the fire that raged 
several years ago in the underground workings, the percentage of the 
water ran as high at 0.32 per cent. Under normal conditions the pre- 
cipitate averages 60 per cent, copper. An assay of the cupriferous 


^Mining and Scientific Press, Nov. 18, 1911. 
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waters after it passes the last precipitating plant in the district shows the 
exceedingly small percentage of 0.0002 copper. 

In the plant of the Original mine, one of the most economical in 
Butte, three men take care of 1400 lin. ft. of boxes. This company was 
the first to use the hose-washing system, which is decidedly effective. 
City water, under good pressure, is piped to all parts of the boxes, and at 
regular intervals the precipitate is washed from the half-eaten metal and 
from the bottom of the boxes. The precipitate is protected by means of 
a shelf, 2 in. from the bottom, and once it is separated from the metal, 
is unimpeded in its course to the settling tanks. The system is so 
arranged that the copper water may be shut off from any part of the 
plant. The high-grade precipitate is flushed into tanks 2x7x9 ft. in 
a steam-drying room. There are two tanks, each holding 21 tons and 
are filled several times per month. 

Precipitation of Copper from Mine Waters at the Copper Queen Con- 
solidated Mining Company, Bisbee, Arizona.^ — In the older mines belong- 
ing to this company, the Czar and Holbrook, where the ore zone extends 
from the surface to a depth of 500 ft., the ore near the surface is highly 
oxidized and the mine water contains considerable copper. At the deeper 
mines, the Gardner, belonging to the Copper Queen, and the Irish Mag, 
belonging to the Calumet and Arizona company, where the ore-zone lies 
from 600 to 1110 ft. below the surface,- the mine water contains much less 
copper, while at the Cole shaft of the Superior and Pittsburg company, 
where the ore bodies are much deeper and more widely scattered, the 
copper in the water is almost negligible. The only mines where the water 
contains enough copper to pay for recovery are the Czar and Holbrook. 
The water at the Holbrook is pumped from the 500- to the 400-ft. level 
and flows to the Czar shaft, where it is raised to the surface with the 
water from the Czar mine. The amount of water pumped at this shaft is 
approximately 300 gallons per minute, averaging about 10 gr. of copper 
per gallon. All this water flows through the precipitating plant. 

The precipitating plant consists of five tiers of troughs on three sides 
and four tiers on the other side, forming a rectangle, the outside dimen- 
sions of which are 78X108 ft. The troughs, which are made of 2-in. 
planks, are of rectangular cross section, 3 ft. wide by 20 in. deep. In 
the troughs, at intervals of 2 1/2 ft. are 2 X 4-in. cross-pieces raised 2 in. 
above the bottom; lengthwise on these cross-pieces are laid four 1 X 4-in. 
boards. This arrangement leaves a place for the copper to deposit 
until washed down into the settling tanks. In each tier there are two 
sets of troughs set side by side. These join together at each corner so 
that all the water can be made to flow through one while the other is 
being cleaned. The troughs are supported by 8 X 8-in. posts and 6 X 8-in. 
stringers. The tiers are 6 ft. apart vertically, making the total height 
and M,/., Oct. 31, 1908, W. H. Chittenden. 
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of the structure about 30 ft. The slope of the troughs is from 1/4 to 
2 in. per 12 ft. increasing gradually through the successive tiers. 

The water enters at one corner of the upper tier, and flows through 
the two troughs around the rectangle to the corner where it entered. 
At this point the water passes down a slide and flows in a similar manner 
through the successive tiers, until at the end of the last tier it flows into 
a flume. This flume takes the water to settling tanks, 17 X 9 X 9 ft. deep, 



Fig. 69. — Copper Queen precipitating plant. Interior view. 

a few hundred yards below the plant. These last tanks catch a small 
amount of the finest particles of copper and slime suspended in the water 
coming from the main plant. The total average length that the water 
flows in the troughs is about 1650 ft. 

The precipitation is effected by means of tin cans which loosely fill 
all the troughs of all the tiers. Scrap iron is used to a small extent, but 
the results are much less satisfactory than with the cans, principally 
because of the greater surface exposed by the cans. The precipitate is 
a thick yellow material containing in addition to copper, the replaced 
iron, some little silica, unconsumed fragments of can, etc. 

In the upper tiers the clean-ups are made every second day, but less 
frequently in the lower tiers, owing to the smaller amount of copper 
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precipitated. While collecting the copper the flow of water is shut off 
from one trough at a time. This trough is then drained and the cans 
washed thoroughly with water from a hose under pressure. The water, 
containing the copper product, is run into settling tanks where in about 
2 hours the metal settles sufficiently so that the water can be siphoned 
off. After these clean-ups, occurring every other day, more cans are 
added as required. Once a month each trough is emptied and a thorough 



Fig. 70.*-™-<Joppor (^ucu^u pr(‘(!ipit.atiiig plant. lOxtcuior view. 

clean-up made. The troughs are then refilled witli a new HU]>ply of (uins. 

The clean-up settling tanks, of wdiicJi tluvrc iiro four placaal in the 
interior of the rectangki, are 25x40X2 it. deep. ()iu;o a luoutli th<‘HO 
tanks are cleaned out; the wet mud is liailed up in l)Uc-ketH, cini>tied into 
a car and dumped into a drying tank, wIku'c it remains for about 1 
month before being shoveled up and loadcul into the railroad cars, to 
be taken to the smelter at Douglas. There are two of those drying 
tanks 18X25X2 ft. deep. 

The cans which are collected in Bisboe are contracted for at a nominal 
price per ton. Mexican labor is used entirely, the amount required 
being very small, as only two men are working steadily. For cleaning 
out the settling tanks, three extra men are required 4 or 5 days a montii. 
The precipitate handled by those three men is loaded, when dry, by five 
others into a railroad car, holding 45 tons, in 1 day. The product 
when shipped contains about 40 per cent, moisture; the dried samples 
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assay 35 per cent, copper; 6 per cent, silica; 17 per cent, iron; 13 per cent, 
alumina; and 1.5 per cent, sulphur. 

The saving in the plant is high, averaging more than 90 per cent, of 
the copper in the water. The highest extraction is obtained when the 
flow of water is low, and it is possible that it is obtained at the expense 
of excessive iron consumption. When the flow of water is greater the 
extraction is somewhat less. 

Precipitation of Copper from Mine Water at the Ashio Mine, Japan. ^ — 

At the Ashio copper mine of the Furukawa Mining Co., in Japan, the 
mine waters are run over scrap iron, precipitating most of the copper as 
cement copper, and leaving iron sulphate with some copper sulphate in 
solution. This water is then used in the concentrators, after which it is 
run into a river for irrigating rice fields. Consequently, it is necessary 
to clarify the water before it is discharged. The discharge amounts to 
about 600 to 700 cu. ft. per minute, and averages about 0.00025 per cent, 
of copper. The water is run through three settling ponds, in the first of 
which slime and sand settle. In the second and third there is a slight 
precipitate of metallic hydrates, carrying some copper and slime high in 
silica. The copper in this deposit runs from 0.5 to 1.0 per cent. In the 
fourth pond milk of lime is then run in, in quantities from 10 to 20 per 
cent, of the amount required for complete neutralization and precipitation 
of the sulphate in the water. This causes a precipitate to settle which is 
mostly hydrated iron oxide and free from copper. The iron precipitate 
also carries down with it most of the colloidal slime in suspension, con- 
sisting mostly of alumina and silica. The water is then run into a fifth 
pond, where the lime necessary for complete precipitation is added. 
This precipitates the metallic hydrates completely, the precipitate 
settling in this pond in a sixth, from which it is run over a sand filter 
before it is discharged. The average of three analyses on the precipitate 
in the fifth and sixth ponds was as follows: Cu, 5.78 per cent; Fe, 12.91 
per cent.; CaO, 6.76 per cent.; AI2O3, 4.70 per cent.; Mn, 4.40 per cent.; 
Si02, 11.25 per cent.; loss on ignition, 30.90 per cent. This precipitate 
is rich enough to be smelted. The process saves about 18 tons of 
copper per month and gives a clear waste water which is not injurious to 
agriculture. 

Leaching of Copper Ore in Place. — ^In abandoned mines, once exten- 
sively worked, it is evident that the decomposition of the ore too low grade 
to work may take place indefinitely, and result in the production of 
cupriferous water from which the copper may be profitably recovered. 
The decomposition of the iron sulphides results in the formation of 
sulphuric acid and ferric sulphate, both of which are capable of acting on 
the various copper minerals. The seepage from the various mine work- 
ings gravitate toward the sump, where it may be pumped out, the copper 

^ J. W. Richards, New York meeting of the A. I. M. E., Feb., 1912. 
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precipitated, and the water again returned to the upper levels of the mine 
if there is not sufficient water from natural drainage. There are several 
Instances in which abandoned copper mines have been profitably 
worked by pumping and precipitating the mine waters. 

Attempts have been made to imitate this natural process of leaching 
situ, And while successful working has not yet been accomplished, 
results have been encouraging. It is necessary that the material to be 
leached should be porous and permit of reasonable penetration of the 
water. The distance apart of the levels will largely be determined by 
the porosity of the ore. The deposit may be developed as in the explora- 
tion of a mine, in which the workings all lead to a sump to which the 
percolating water flows and from which it is pumped, precipitated, and 
if desired, again used to flood the upper levels. 
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REFINING OF COPPER PRECIPITATE 

In the chemical processes the precipitate is usually in the form of 
cement copper, containing more or less impurity. In the electrolytic 
processes the precipitated metal is of great purity so that the ordinary 
fusion refining, incidental to casting it into ingots, will be quite sufficient 
to bring it to the state of the best refined or electrolytic copper. 

Cement copper is a mixture of the metal, with iron, graphite, basic 
salts, usually a little silica, and sometimes arsenic, antimony, and the 
arsenate of iron. 

The cement copper, when treated in connection with smelting plants, 
is usually charged into the smelting furnaces with the regular charges 
of ore, or into the converters and blown, with the matte, into blister 
copper. 

At the Gumeshevsky mine, in Russia, the cement copper, containing 
60 to 70 per cent, of the metal, is treated by melting it in a reverberatory 
furnace, adding to it a small quantity of matte of the grade of white 
metal to remove impurities. The resultant blister copper is then rabbled 
and poled in the usual way to produce a brand of the best selected metal. 

At the works of the Chicago Copper Refining Co., the higher grades 
of cement copper, containing from 70 to 75 per cent, of the metal, is 
put into the refining furnace along with the blister copper. The oxide 
of copper contained in the cement copper is reduced largely by the 
sulphur from the blister and the charcoal in the refining furnace, and 
the silica and iron impurities go off as slags. 

The precipitate obtained from the neutral chloride of iron solutions 
at Phoenixville and at Ore Knob, as well as that obtained by the Hunt 
and Douglas process from cuprous chloride, contained absolutely no 
deleterious substances and was charged directly into the refining furnace 
without other mixture. 

At the plant of the Arizona Copper Co. at Clifton, Arizona, the cement 
copper averages 72 per cent. Cu. It is moulded into large bricks, by 
hand. After sun drying for a month the bricks are sufficiently dry to 
be fed into the copper converters, in connection with the smelting plant. 

At Falun, Sweden, the cement copper is smelted and granulated 
for conversion into copper sulphate, by means of dilute sulphuric acid, 
in the ordinary way. The residual mud from the copper sulphate 
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crystallizers containing gold, silver, selenium, and bismuth, is dried and 
smelted with litharge, soda, and sawdust, to collect the precious metals 
into lead. 

At Stadtberge, the cement copper is washed in wooden drums 10 ft. 
long and 4 ft. diameter, provided inside with wooden cleats arranged in 
spiral, through which passes a stream of water in the opposite direction 
to that taken by the cement copper; the escaping slimes arc caught in 
settling tanks. The classified product consists of two-thirds of pure 
cement copper containing from 90 to 95 per cent, of the metal, and 
one-third slimes containing from 10 to 25 per cent. Tlie cement slimes 
are agglomerated with slacked lime and smelted for black copper in a 
cupola furnace. To 3 tons of the prepared slimes 1/2 ton of refinery 
slag is added and 1/2 ton of slag from previously smelted slimes. The 
black copper thus produced is refined together with the washed cement 
copper in a refining furnace fired with gas. The charge is 2 1/2 to 3 
tons of cement copper and 1 1/2 to 2 1/4 tons of blaidv copper, which 
is treated in 24 hours, with a consumption of 3000 to 3500 lb. of coal 
and 250 to 300 lb. of charcoal. The argentiferous copper is cast into 
anodes and then refined clectrolytically. 

At Eio Tinto, Spain, the crude pnunpitate, (‘-ontaining about 70 per 
cent, copper, is thrown, a little at a tim(‘, on a peu-forated plate at the 
head of a long launder or tank and is waslunl tlirough iJie plat(i l)y a 
strong stream of water from a small nozzhu Tlu) matcu'ial that does not 
pass through the screen consists of leaf-copper and small pi(H;(‘s of iron; 
this material is thrown into a heap and aftevrward soricul ovin* l)y girls 
who remove the pieces of iron. The precipitate that passc'S into the 
launder, is repeatedly turned over against the stnuim of water and l>y 
this simple means a concentration is eff(H;ted. 

The first few yards of the launder contain a nul pre(upit,at(^ known 
as ^'No. 1 precipitate,” containing 94 percent. copp(U' and less than 
0,3 per cent, arsenic; following this is ''No. 2 precipitates,” contraining 
92 per cent, copper and between 0.3 and 0.75 per cent, arsemie^, while 
below is the " No. 3 preefipitato ” ; this is in a state of vt‘ry fim^ 
division and contains on an average 50 per cent, copper and 5 |)(U‘ cemt, 
arsenic. This last-named portion, which carries all the graphitic from 
the pig iron, contains the bulk of the antimony and bismutli that is also 
precipitated from the liquors. Classes No. 1 and No. 2 are shipped to 
the refinery. The No. 3 precipitate is moistened with mid licpiors, made 
into balls by hand and dried in the sun. These balls be(‘ome cemented 
hard and are taken to the smelter, where they form part of the charge for 
the blast-furnaces and are run down to matte to be subsequently besscun- 
erized, thus effectively removing the arsenic, antimony, and bismuth 
they contain. 

Very impure cement copper may be smelted for matte with the 
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addition of high-grade raw ore. If the copper contains a large amount 
of carbonaceous material, such as the precipitate produced with sponge 
iron, the copper is first heated to redness to burn out the carbon. In 
doing this, a considerable portion of the copper is oxidized. Such a 
treatment is also beneficial if the cement copper contains large quantities 
of arsenic, which is thereby removed in the form of arsenic oxide. 

Encouraging results have been obtained l)y the author in refining 
cement copper direct electrolytically, without passing through the 
stage of fusion. 

Whatever the method used to get a high-grade copper, it will be 
necessary, or at least desirable, to cast the copper into the form of 
convenient ingots. Wliile this is being done, tlie copper may undergo 
the regular process of fusion refining. This is universally done in two 
stages: 

First: Subjecting the molten copper to the oxidizing action of tlie 
air, to eliminate and slag off impuriti(‘s, and 

Second: lleducing the oxide of eoppor fornunl in the process, back to 
the metallic condition after the irnpuriti(*s have been oxidized and 
eliminated. 

Oxidizing Stage. — ^The copper, as chargc'.d into tlie furnace, is broxight 
to fusion as {|ui(‘kly as possible. If the matcnlal (‘harg(Hl is cimumt 
copper, containing consiihn-able impurities, a litlle air may be allowcMl 
to enter during tlu^ melting; if the copiier is (d(‘ctrolytically (hqiositcMl, 
it is advisal)I(i to r(alu(‘e tlie amount of air so admitted to a minimum. 
The nudting will usually take from G to 7 hours. 

When the is melted, air may be freely admitted, and the 

molten coppm* is vigorously xvorked with co])p(T rabbhvs to agitate the 
surfa(!0 of the copper and faeilitatii the scorifi(uition process. This 
practicte, in naamt years, has ])ecm supersiahal by inserting a pipe 
into the molten nud-al by wdiitdi compr(‘ss(al air at alxmt 90 lb. pressure, 
is driven into it, agitating and at the same time oxidizing it. This is 
continucal until most of the oxidizable impuritic^s an? oxidized, and 
aliout 6 per (amt. of the cojiper is converted into cuprous oxide?, whi(?h 
is held in solution of the moltcm li(|uitl. This excuds a strong scorific-ation 
action on such imj)urit(\s as can be? slaggiaL Tin? mental at this stage 
exhibits a (diaracteristic fracture and is called “set” or “dry” copper. 
Carrying the oxidat ion further only results in needl(*ssly slagging copper. 

During the HcorifKuition action, zinc, lead arsenic and antimony arc 
partly volatilized, and partly oxidized; sulphur escapees as sulphur 
dioxide; iron, ni(‘kel, part of the ziiuq and a portion of the copper are 
oxidized and slagged off, the necessary silica for the slag being furnished 
from the furnace lied. The slag also takes up all other substances that 
come to the surface of the molten copper. Besides the action of the air, 
cuprous oxide, which is held in solution in the molten bath, gives up its 
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oxygen to the foreign elements in the copper. The slag is skimmed off 
from time to time, so as to give free access of air to tlio nu^tal. Most of 
the siilj)lmr is eliminated with comparative (^as(i, althovigh a largx^ amount 
of sulphur dioxide gas remains dissolved in the liciuid (*o])|)(m-, whic^li 
gradually is driven out as the coppeu* is worlccnl and Ixnng oxidized. 

After several hours tlic formation of slag almost ceases, and the 
evolution of l.)ub])les 1)ecomes noticeal)le, wliich is due to the action of 
the cuprous oxide on the small quant, ities of cuj)rous sulphide wliich 
may be in the copper, producing metallic coppeu- and su]])liiir dioxide. 

Samples of coppei*, takim with an iron ladles, in tho (airly stages of 
the process, bedore much oxidation lia,s taJcc'U pla(‘.(‘, show a convex 
surface, often witli s])routings of (xqiper on to]), whicdi is due to the 
escape of sulphur dioxide from the c()])])(m* dinhig solidification. As the 
operation advances, the formation of ])u])])l(\sshic]v(ms, iJie sam])l(‘s become 
denser, and as they cool, cra.t,er-like (‘hwatlons form on the surfac^e, 
through which tlie sul])hur dioxich^ ])r(‘aks out. Wlicvn the boiling of 
the molten cop])er is ov(a*, tlu^ eopjxn* stJlI rc't-ahis a small (juantity of 
sulphur dioxide, whicli is only given off during ])oliug. liy the tinn^ 
the copper shows from 5 to (> jxn* ccMit. cuf)rous oxide tln^ sa.m])l(‘s will 
show a decided concavity, with, a singh^ bubbh^ n,t fh,(^ ap(vx of iJie d(q)r(‘s- 
sion. The ^bset'^ or ^Alry'^ co])j)<‘r lias a dull frac-iairc; and is of poor 
(]uality for any commcvrcial purjiosca 

Reducing Stage.— AfUn* the oxidizing stagii, and wlum the co|)])(n’ 
contains aliout G p(‘r (xvnt. cujirous oxhh^, tlxi rcaiction is tlum cliang(‘d 
to a rt^ducing one, hy nnains of hydnxuirbon ga.s(‘s (woUaxl from gnxxi 
polcis thrust l)enea,th the surfa(*e of the mobnii nn^tal a,nd the co])]xa- 
brought hiick to pitch.” or wlum. it contains a, bout O.G pen* cemt. of 
cuprous oxide, and givens casf.ings, l.ln^ surfa.c(^ of which. n(‘ith,(‘r lisins 
nor falls wlnm seff ing in an open mould, Tln^ m(h,ai in this s(»at(^ dewelojis 
the Ixnst nuxthanical pro]X‘rii(ns undiu* subsixpnmt t.nsitnumt. 

liy j)oling, the nxlucing gasens from tin; wo(xl nxlinx^ (Ju^ c.uprous 
oxide to i,h.e metallic statt^, whihi f.he molbm nu'tal, dm^ to viohmt 
agitation, is at tlui sa-nn^ time (‘xposixl to oxidation. 'Flui comphdt^ 
removal of the sulphur dioxides is indicnibxl by th.(‘ smooth surftux^ of 
the sample. Aff.en’ tiu^ (‘Xpulsion of th<^ sul]>hur dioxide', which take's 
place in from 2 to 3 hours, th<‘ rexluction of fJie cu])rous oxides is c.om- 
incmced. A sample now tak<‘U has a brick-re'd fra-cture^ and shows 
columnar structure, whi(di (*luing<^s to (ud)ical as the; oxidation prexxx'ds; 
at a still further stage; the brick-i-exl emlor lias a, sf.rong viole;t tinge;. 

After the (;xpulsion of the sul]>luir dioxide', the; poling is sf.ill conthuuxl 
for 2 or 3 hours, while the; surface; of the; moIte'U e;opj)e;r is c.overe'd with 
charcoal to prev(;nt reoxidation. As the; re'due'tieui proceeels, the; c()])])('r 
becomes softer and tougher. Hamjih'S are; taken continually; they are 
dipped out with a small iron spoon, cooled in water, fiistcne;d in a vise 
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and broken. The cubical structure of the fracture gradually passes 
Hucecssively into a coarse columnar, a fine columnar, coarsely fibrous, 
and lastly into a finely fibrous structure. The color at the same time 
clianging from vioIc‘t to brick-red, ycllowish-rcd, and lastly to a fine 
salmon pink. The copper becomes dense, and so soft as only to be broken 
witli difficulty in a vise. The samples taken also show less concavity, as 
the operation progresses, until the metal has reached the condition of 
pitch when the surface remains fiat. 

The copper is now ready to ])c cast. In a small plant it is ladled 
out by hand, but in large works ladles holding 200 lb. of copper are 
used, each carried liy an overliead trolley, and 1)}^ which the copper is 
readily handled. The moulds are of different forms, or shapes called 
for by the trade; forming (‘akes for rolling into sheets, ingots for melting 
into brass, and wire ])ars for making wire. The copper still contains 
al)()ut O.G per cent. cii])rous oxidca 

Under-poled copper sim|)ly contains an excess of cuprous oxide as an 
iin]>unty and suffers botli in (4e(*trical and meclianical properties. Over- 
j)ol(al co])p(‘r looks like und(‘r-pol(‘d copper und(‘r the microscope. The 
mechanical properl i(‘S are satisfactory, ])ut then' is a slight decrease in 
conductivity and eastings are bad, due to the expulsion of gases as the 
metal sets. Ov(‘r-j)oI{‘d rnoltc^n c'Oppcu' is, howc^vcu*, in a very unstable 
condition, and it is usual in such castes to start at the beginning of the 
rctining o])ca-atiou and oxidi/a^ thc^ natal again to set copper. The fact 
that molt(‘n co])p(‘r is so s(*nsitiv(i chemically to its surroundings and that 
it chills so r(*adily, is due* to its high thermal conductivity and makes 
it a difficult metal to handle. 

It takes very little to tlirow copper out of pitch, and any change 
is irnrnculiatcty shown liy appearance of tlio ingots. If, on coolixig, 
the ingots contract,, huiving a d(‘pression in the center, it indicates 
that suboxidcj is forming, and ladling must be stopped and the charge 
pohul a little*. Short stit'ks of gre(*n wood thrown on top of the copper 
assist in the reduction. If, on t h(^ other hand, the surfactc.* of tlxe ingot 
rise's and b(*eomes conv(*x, tlum the charcoal must be puslied back from 
tluj ladling door and t lu* charge flapped or rabbhaL It takes only a few 
moments to firing the coppeu* bac'k to pitch, and it is here that skilled 
labor is inde8p(!nHabIe. 

liadling should done im rapidly as possible, so as not to give the 
copper time to change its pitch. The fire should be previously attended 
to and everything arrangcal bo that during ladling there will be an 
equally balanced oseillation Ixd^ween oxidizing and reducing action in the 
furnace. * 

The moulds arc made of copper and are arranged on a shaft fastened 
to a bosh containing water, so that upon l>eing tipped upside down the 
ingot falls out and drops into the water. This is done to give the ingot 
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a rcd-copper color due to thin coating of suboxidc. Copp(U‘ (ta,st in iron 
moulds becomes porous. 

The copper moulds are covered with a bone-ash washing before tlui 
molten copper is poured into them. 

Although there is no relation l)ctwecn the color of the cast copper 
and its chemical composition or physical properties, nevertheless some 
attention is given to its external appearance. Castings left to cool in the 
air become coated with undesirable scales of oxides of a very dark appear- 
ance, which sooner or later become detached. To avoid tliis the east- 
ings are dropped into water. To obtain the most desired color, which is a 
lustrous one between that of gold and copper, the cooling bath is com- 
posed of hot water containing about 0.1 per cent, sulphuric acid. A 
rose pink color may be obtained by mixing wood tar with the water into 
which the copper is thrown after it has set in the moulds. 

Furnaces Used for Copper Refining. — lievcrl)cratory furnaces are 
universally used for copper refining. The furnace used for this purj>ose 
should 1)0 strongly built and thoroughly bound together. The (uitire 
bottom and sides should be encased in a cast-iron box. 

Figures 71 and 72 slxow a modern furnace, d(^signed by IT. L. Bridg- 
man, in which the sides and bottom arc encased in iron i)lat(\s, Ih^Iow 
the skimming door, which is at the chimney end, there is a luuwy cast.- 
iron plate. 

The luuxrth of a refining furnace is usually made of (dear sand, can^- 
fully smelted in and saturatcal with copp<u‘ t-o make a ^Mxottom.^^ ^Jlie 
bed of small furnaces is us\ially fus(Hl in one layer, and in the largcu* 
furnaces sometimes two. The bed al)sorbs considcu’ablo co])])(U’, and it 
is best to saturate it with co])pci' as far as ])0SHible l)cfore the furmuai 
is actually put in operation. 

In order to put in a new hearth, tlui furnac,e is thoroughly luuitcaL 
Clean sharp sand is then put in and thoroughly h(ait<ed till the, watcu* 
is driven off and fill organic matf-cr ])urn(‘d out. It is tlum brought 
to the shape reepured wii.h tools made for the purpose^, and bcuitcui 
down. The doors of tiie furnace arc then closcal and a sharj) fin^ kej)!. 
up for about 12 hours, the t(un]K;raturc Ixxing raisxal to tlu^ liiglu\st 
point of whicli the furnace is (japalJe. By this tinu^ the sand will b{^ 
glazed; the doors are then opcunal and the furnace alio weal to (‘ool for 
2 hours. From 1000 to 2000 lb. of scrap copper arc then added, which 
melts and mixes with tlic sand at a very liigh temperature, and tlux 
furnace is then allowed to cool. Whatever copper does not sink into 
the hearth is ladled out as quickly as possible, and the oixeration repeated 
two or three times, if neccBsary, until the bed is from 10 to 15 in. tliick. 
When the last addition of copper is melted, the hearth is cooled for 2 
hours, and the furnace is then ready for use. 

The copper is charged through working doors at the side of the 
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furnace, although quite frequently provision is made to charge through 
a hole in the arch. The refined copper cannot be tapped out, because 
of its extreme tendency to chill and clog the tap hole. Ladles are 
therefore used to cast the copper into moulds. The bed of the furnace 



slopes from all sides toward the ladling door, at which there is a depres- 
sion to act as a well. The ladling door, which may also be used as a 
working door, is located at the flue wall, so that the cold air entering 
may pass directly into the stack, without either cooling or oxidizing the 
molten copper. 

Wood is the best fuel to use because it does not contain any sulphur 


Figs. 71 and 72. — Copper refining furnace. Bridgman’s design. Plan and longitudinal section. 
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or other impurities t-o affect the copper injuriously. Next to wood, 
bituminous coal presents the most advantages; coal containing sulphur 
should not be uscxl. The coal should be fired with a smokeless flame. 

The size of furnaces varies exceedingly; from 1 to 2 tons at a charge 
as used in the Siberian refineries, to 15 and 20 tons as now used at 
Lake Superior. 




Figb. 73 and 74. — Mansfield tsopper naming funiaeo. Plan and longitudinal section. 

At Lake Superior the weight of (toal required for refining is about 
50 per cent, of the weight of the copper rcfuKHl. 

Figures 73 and 74^ show the refining furnaces uscul at Mansfeld. 
The charge consists of pulverulent cupric oxide with some ferric oxide, 
^ Schnabel, Handbook of Metallurgy, Vol. I., p. 183. 
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which is cliargcd with a suflicient proportion of charcoal for its reduc- 
tion, tlie charge Ixa'ng 5 to 7 1/2 tons. Tliis is reduced in the first part 
of tlie process and tiuei inun(‘diatt43' refined. 

In the figures v ]’(‘|)r(‘sen{s the ])()dy of the furnace, a the aperture 
in th(i roof for cluirgiiig, / the ixal made of quartz to whicli a little slag 
has been added, r the grate workiai with a cliiik(‘r bed, d the fire door, 
/ tile flue, c a door for (*harging tla* ])ig lumps if required, b the working 
door through which the co|')p(U- is also ladhal out. At e e there are two 
(‘haniK.Is for the admission of air to the furnace, this lieing regulated by 
more or less blocking the channels with bricks. 

Copper Ri'fuiiu(j at Ah.'du/iq/, RiossLaC — Fig. 75 gives the form and 
arrangeuKuit of tiu.‘ ndining furnaces at Kcalabeg, lUissia, of a minimum 
cajiacity of 7.2 tons in 24 hours, or of four charges of 2000 to 5400 lb. 



Fxc;. 70.— Kcdabeg oil fired tatpper refining furnaec. 


of black copper. The furniu'es are fircal with oil; tlie oil jc‘t is vsprayed 
into the furnace at the* middle x)f tin* long sitles, and is met in addition 
by an iiir blast at the working do(U* (‘iid, whieh .stu-v(\s to comphde the 
combustion of the gasified ptdrohuun. Thc^ fianu^ thus swetqis ovx^r the 
hearth and (\seapc\H liV mrains of a short st ax*k of sheet iron. 

Tlui time of melting ihnvn is ])eiformed in 2 to 2.5 hours, with the 
blast at low presstire, whieh efTexds a euinphde combustion of the oil 
miil partially oxidizers tin* im|)uriti(‘s. The blast is then turmal on the 
moltcm luith, and the; full pn*ssun; cjf 1 in. of mercury through a tiiybre 
direct(‘d downward upon the siirfaca; of tlu; irudad. Hulphur, arsenic, 
and antimony are volaiilizcal, much smokx; being given off. The zinc 
and iron Iiegin to slag off together with some capper oxide. The slag 
^ Trans. Inst, and Metal., Apr. 13, 1905. 
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IS skimmed off as it forms. This operations lasts from 1 to 1.5 hours, 
after which the rabbling or roasting begins. 

The roasting is characterized by the escape of bubbles of sulphur 
dioxide at the surface of the molten copper due to the well-known 
reactions between the oxides just formed and sulphide of copper, of the 
black copper. This takes 2 to 3 hours. 

When the surface of the molten bath has become perfectly quiescent, 
the poling begins, which is continued until a sample withdrawn with a 
spoon, shows the characteristic cubic structure, quite, free from blow 
holes, after which the final reduction of the copper is proceeded with, 
poling being completed under a cover of coal dust until the copper 
reaches the desired strength and toughness, characterized by a rose 
colored fracture and silky structure, and by standing hammering and 
bending without cracking, both hot and cold. 

The amount of oil equals 75 per cent, by weight of the copper pro- 
duced. For two furnaces there are needed per shift, one foreman, one 
furnaceman, and four helpers, these latter for charging and tapping. 

At Kedabeg^ small furnaces were also used for refining supplied with 
blast, wood being used as the fuel. The charge was 2880 to 3240 lb. 
of coarse copper, and the time occupied 8 hours, three charges being 
worked in 24 hours. Of the time occupied for one charge, 1/2 hour 
was consumed in fettling and charging the furnace, 2 1/2 hours in fusion, 
3 1/2 hours in scorification and boiling and 11/2 hours in poling. The 
fuel used in 24 hours was 11/4 cubic fathoms of wood. Each 3600 lb. 
of coarse copper yielded 2952 lb. of refined copper of 99.68 Cu, and 
900 lb. of refinery slag containing 30 to 59 per cent, copper. 

^ Schnabel, Handbook of Metallurgy, Vol. I, p. 195. 
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COPPER SULPHATE; BLUESTONE 

Co])per vsulphate m an important article of commerce^ and great 
quantities are annually uk(h! in the various arts. It is largely produced 
as a by-product in the electrolytic refining of coppcu' in the purification 
of the sulphate soluticyns. It is also larg(‘ly [irodueed from the metal 
by working up the (‘(‘uuuit (*o|>p(‘r to recovcu’ tlie gold and silver. It may 
l)(‘ produ(‘(‘d dir(‘(*t from the ore and from copjxu* matte. 

For districts whcu-c^ iron is {‘xpc‘nsiv(‘, it has frecpumtly been proposed 
to leach the ore witli siilphurii* acdd to saturation with copper sulphate, 
and t-hcui by evaporation (*rystallize out the coppcu* sul|>hate and market 
th(‘ copp«‘r in t hat form, rathcu' than to atUunpt to gc't the copper in the 
metalli(t condition. 

The composition of crystallized copper sulphate is CuSO^jr)!!/); 
th(^r(‘fon% only 25.1 |)er emit, of the sulphat<‘ is (‘op|)er, and the rest is 
sulphuric acid and wabu*. The only valuable^ constituent of copper 
Huljdiate is tln^ (‘oinl>im‘d c*()])j>er and forms th(‘ liasis of the pric^e of 
cop|)C‘r sulphate. The combincHl aciil has no spcHual viiliio and the water 
is valu(*h‘HH. In tlie manufacture of cojiper sulphate* elirect from the ore, 
a product has to be* fn‘ight«‘ci and niarkeded, emly 25.1 p(*r cent, of 
wliich has any real vahim It therefore follows that the conditions which 
would prohibit tin* importation of iron for tlie prcsu’pit alion of tin* caypper 
would also prohiliit the* exportation of the coppeu* sulphate. M(yreov(‘r, 
the* sulphuric acid, ceymbimai with the eaipjaa* as sulphate*, might by a 
re'gemerative^ medhoil, be turneal into profitable* ae‘ccyun4. in leaudiing fresh 
<|uantitie‘H of ore. 

(bppe*r Hulpliate is largc*ly proclnceal as a by-|)roduct in the^ i,)ro(a*HB 
of redining silver ami geyld bulluju witli Hiilpliurie acid. The silveu’ and 
golel alleyy is fyoiltal with coneauit rateal sulphuric aciei in cast-iron pans; 
the* silvcu' is dissolveal and gexas into solution with the* copjier, while the 
gold remains as a mud, which is (adlexdxal and rnedted into bars. The 
silver Huliihate in the* sedutiem is then prexdpitateal by metallic co|)pcr, 
and mt*ltc*d into silveu* bars. The* copper sulphatcj is them crystallized 
out e>f the solution, thus reemvc*ring in a rnarketalyle form the original 
copper of the material treated. 

Copper sulphide ore^s, chalcmpyrite, and chakaxute, and copper matte, 
are sonietime^s coiivertcai into Idiui vitriol. 

If the roMtecl copper ore or matte is treated with dilute sulphuric 
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acid the solution obtained will have, in addition to cupric sulphate, 
salts of iron, arsenic, antimony, bismuth, cobalt, nickel, etc. A solution 
of this character cannot be used direct for the manufacture of blue 
vitriol, because these salts to a certain extent will crystallize with the 
copper sulphate, and make it too impure for the market. If the crystalli- 
zation is made from an impure solution, and the crystals of copper sul- 
phate are contaminated with ferrous sulphate, the iron may be removed 
by roasting the salt until the ferrous sulphate is decomposed into oxide, 
and then dissolving in water and recrystallizing. It will usually be found 
better to treat the impure solution with some oxidizing agent to convert 
the iron to the ferric state, when, by adding copper carbonate, or oxide, 
or barium carbonate, and boiling again, the iron is precipitated. 

At Freiberg, Saxony^ copper sulphate is made from matte which has 
been repeatedly roasted and smelted to eliminate most of the impurities. 
The original matte contains about 40 per cent, copper, and this is con- 
centrated to a richer and purer product containing about 70 per cent, 
copper and only 0.3 per cent. iron. This matte is crushed to pass through 
a 1/4-in. mesh screen and roasted 12 hours in a reverberatory furnace. 
The charge of 1000 lb. is continuously rabbled and thoroughly roasted. 

The roasted matte is screened and treated with dilute sulphuric acid 
in upright cylinders, 2 ft. 8 in. in diameter and 3 1/2 ft. high, made of 
1 / 2-in. lead supported by an iron framework, which is covered with thin 
sheet lead. The cylinder has two outlets, one at the bottom for discharg- 
ing the residues, and the other higher up for withdrawing the copper 
solution. Steam is injected through a lead pipe near the bottom of the 
cylinder. This pipe is so arranged that it can be raised or lowered. 

The cylinder is charged, with 3 cu. ft. of mother liquor, and 3 cu. ft. 
of common sulphuric acid of 45 to 47® B., which gives a solution of 34 to 
36® B. Superheated steam is then applied, and when the solution is 
boiling, 200 lb. of roasted matte is gradually charged with a. hand shovel 
through a movable funnel. The matte has to be fed continuously. After 
a quarter of an hour, 9 cu. ft. of mother liquor is added to the contents of 
the cylinder, which fills it to about 7 in. below the rim. The boiling with 
steam is continued for 4 or 5 hours, during which time stirring has to be 
done at intervals. The steam is turned off, and half an hour is given 
for the residues to settle. Then the solution is drawn off through the 
upper outlet and conveyed to settling tanks, while the residue, containing 
all the silver and about 5 per cent, copper, is transferred into a special 
basin, where it is washed with water. The still hot copper solution is 
left about an hour in the settling tanks, during which time some basic 
iron salts settle. Then it is drawn off into crystallizing tanks. The 
residues are dried and transferred to the lead smelter. 

The blue vitriol crystals after 5 to 7 days are removed from the 

1 0. Hofmann, ''Hydrometallurgy of Silver” P 258. 
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crystallizing tanks. They are not of a clear blue color, but have a 
greenish appearance from a certain percentage of iron which they contain, 
and are again dissolved and recrystallized. All the solutions are very 
acid. The yearly production of blue vitriol resulting from this process 
is about 800 tons. 

The Oker Process. — The usual method employed by bluestone manu- 
facturers is to make use of the crude metallic copper, containing the 
precious metals; granulate it, and alternately subject it to the action 
of air and warm dilute sulphuric acid. The copper is oxidized by the 
air and dissolved by the acid, and yields a copper sulphate solution 
which is crystallized into a reasonably pure product, and mud residues, 
which contain the silver and gold and other impurities. 

This method originated and is still in operation at Oker, Germany, 
for which reason it is called the Oker process. 

The granulated copper is charged into lead-lined wooden tanks, 
5 ft. high and having a bottom diameter of 3 1/2 ft. and a top diameter 
of 2 1/2 ft. About 5 in. from the bottom is a movable wooden filter 
made by perforating the boards with inch holes. At the side of the tank, 
between the bottom and the filter, is cut an opening 4 in. deep and 8 in. 
wide which serves as an outlet for the solution and inlet for the air. To 
this opening is attached a lead trough. In charging the tank, large 
pieces of copper are first placed on the filter bottom, and then the granu- 
lated copper, amounting to about a ton, is charged on top of the coarse 
pieces. A spray of dilute sulphuric acid of 28® B., and heated to 70® C., 
is then applied to the copper granules in the tank. The first solution, 
issuing from the tank, shows no color and contains but little copper sul- 
phate. The spray is applied intermittently. By the evaporation of the 
warm solution and condensation of the steam a gentle draft is produced 
through the charge and the oxidation of the copper takes place with the 
formation of cupric sulphate. After a quarter of an hour more hot acid 
is applied, and the stream of acid dissolves the cupric sulphate formed, 
leaving the surface of the granules clean. The air again entering the 
tank, oxidizes more copper, which is again washed out by the acid, and 
this process is repeated indefinitely. Instead of pure acid, crude copper 
solution, or acid mother liquor, is mixed with the acid to dilute it, instead 
of water, which has a more energetic dissolving action on the copper. The 
strength of such a solution is regulated at 32 to 34® B. 

Silver, gold, arsenic, antimony, lead, and other impurities remain as 
slimy residues and are washed out with every charge of acid, and settle in 
a horizontal trough 160 ft. long, 30 in. wide and 14 in. deep. The solu- 
tion in this horizontal trough moves slowly, and when it reaches the out- 
let has cooled to a temperature near that of the surrounding air. The 
crystals of blue vitriol which form in the trough are shoveled out on an 
inclined bench which lets the adhering solution drop back into the trough. 
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This is done every 3 days. The mother liquor flows into a pressure 
tank and is lifted to a reservoir placed on a floor above the dissolving 
tanks. This liquor contains much acid, and after mixing it with still 
more acid it is heated and used for dissolving the granulated copper. 

The crude bluestone which was shoveled out from the trough and to 
which some slimes are adhering, arc first washed with a spray of water, 
then dissolved in a lead pan by boiling with water or with a mixture of 
water and mother liquor from the second crystallization. Crude vitriol 
is added until the solution measures 20° B., after which the fire is stopped 
and the sediment allowed to settle. When the solution has somewhat 
cooled and become clear, it is very carefully decanted, and conveyed to 
wooden lead-lined crystallizing tanks 147 cu. ft. capacity. Ten days are 
allowed for crystallization. 

Clemmer gives in detail a description of a commercial plant 
producing blue vitriol from metallic copper.^ He prefers the granulated 
copper which contains silver and gold. No particular care is required 
to free the copper from impurities other than iron, and the granu- 
lation of the copper is quickly and cheaply accomplished by providing 
a walled and cementcal well at the tapping side of the furnace. 
The well must have a continuous flow of water during the time of granu- 
lation. The dimensions of the well will depend upon the capacity of the 
furnace or the cliarge of copper used, and must l)e large enough to keep 
the granulated co})per sul,)merged in the water wliile tapping. An iron 
bucket handled by an overhead stationary or travelling crane, fits loosely 
in the well, and receives the granules. An iron spout from the tap hole 
of the furnace projects over the vside of the well, and during the tapping a 
pole of green wood is ludd under the stream of molten copper, which 
granulates it sufficiently for the purpose. While the copper is flowing 
from the furnace care must be taken to keep the stream thin, and to have 
an intermittent flow, otherwise explosions will take place. 

The cheapest graders of eoppeu* mattes from huul works are the most 
economical for tins purposes These contain silver and gold, and furnish 
an additional sour(‘<e of j)rofit, as the prectious metals are recovered as a 
by-product in the form o-f ric,h slinu^s, assaying 7()()() to 10,000 oz. silver 
per ton. The following analyses are of copper mattes of this character: 


Source 

Cu% 

Ag% 


1 

Ah% 

Si>% 

rb% 

Zn% 

Si% 

s%. 

PeiinHylvania Load Oo 

43.40 

0.34 

14.30 

1 

1.04 

! 

0.63 

13.04 

1 

1.30 j 

0.27 

21.96 

St. Smelt. & ll(d. Co 

42.01 

0.47 

14.00 1 

0.39 ! 

0.07 1 

110.30 

2.49 

0.20 

23.85 

Kausiis City Smelt. & Rof. Co i 

1 

'40.10 

! 

0.38 

j 

15.44 1 

j 

0.50 j 

i 

1 

1 

17.37 

1.89 

0.30 

1 

23.40 


^ Mia. Ind. VoL IX, 278. 



430 


HYDROMETALLURGY OF COPPER 


The dissolving of the granulated copper with sulphuric acid without 
a previous furnace oxidation is accomplished by placing the granules in 
short towers (called ^'oxidizers'' and "dissolvers") 3 ft. long, 3 ft. 3 in. 
wide and 6 ft. 6 in. deep, inside dimensions, and lined with lead of 15 lb. 
per square foot. 

Each tower has an opening 1 ft. square at the bottom and center of 
the front, which serves as an outlet for the liquors and an inlet for air. 
The towers are provided with false bottoms to support the granulated 
copper, made of several 0.75-in. iron pipes, each covered with a heavy 
lead pipe with the overlapping ends closed. These pipes are placed side 
by side 3 ft. from the bottom, upon chemical bricks set in the towers to 
the right and left of the bottom openings. The air space under the false 
bottom serves to collect the silver slimes. 



The proper condition of the sulphuric acid for the most rapid solution 
of the copper is 10® B. strength at 190® F. temperattin^ The acid is 
spread over the granulated copper in each tower through a flanged sheet 
of lead perforated with two quarter-inch hoh^s for eatdi sciuare inch of 
surface. These sheets arc placed upon the top of tlie sliot (‘.opper and 
the spreading of the acid is accomplished by an oscillating trough. The 
trough, 34 in. long, is divided longitudinally by a partition, A, Fig. 76, 
and the lead pipe and cock, convey the acid from a reservoir into the 
top compartment, C. When this is full, the trough turns on its axis, F 
(its center of gravity being changed) , until it is stopped l)y the rod, D, 
and the acid flows out. As a result of this turning, the second compart- 
ment, E, is elevated, and when filled in its turn is tilted back to its first 
position, where it is stopped by the rod, G. In this manner the continuous 
oscillation of the trough distributes the flow of acid, first to one side and 
then to the other. The troughs arc made of 0.875 or 1 in. wood, prefer- 
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ably yellow pine. The ends, bottom and partition are grooved and 
pinned together, the axis being an extended part 3 in. long, from each 
end of the bottom. When put together it is soaked in thin turpentine 
asphaltum to increase its durability. The trough may consist of a lead 
covered iron frame, but this is more expensive to construct. 

The strength of copper sulphate liquor issuing from the towers will 
naturally depend upon the speed and heat of the acid delivered into them 
and must be regulated according to requirements. The towers, or dis- 
solvers, are daily replenished with copper, added by a shovel, after 
removing the perforated lead sheets. During this charging it is not 
necessary to shut off the flow of acid. It is a good plan to shut off the 
acid supply to one tower at a time, at intervals of about a month, and 
wash out the towers with water under pressure, removing the wash water 
and residues to the slimes tank by a movable spout. This operation 
separates the slimes adhering to the shot copper, and allows their quick 
conversion into a marketable condition, and, in addition, it aids the 
acid attack on the copper. 

The slimes which collect in the free space at the bottom of the tower 
may be removed at any time without washing out with water or shutting 
off the acid. 

For a small plant producing 5000 lb. of copper sulphate per diem, 
six dissolvers, as above described, will be ample; with these should be 
connected 10 crystallizing tanks, 10x10x3 ft. deep, inside dimensions. 
It is preferalde to taper the crystallizing tanks each side 1 in. from top to 
bottom for the better adherence of the crystals. This construction 
modifies the dimensions to 10X10 ft. at the top and 9 ft. 10 in. X9 ft. 
10 in. at the bottom. The crystals form on lead straps, hung in the 
tanks from wooden cross-pieces, and completely surround them, and 
cannot fall off. When the sides of the tank arc perpendicular, the lead 
invariably “buckles from the hot liquor and the weight of the attached 
crystals. Tliis objec,tion is overcome with the inclined sides, as each 
crystal naturally supports the upper ones next adjacent to it, and as a 
result the entire mass of crystals on the sides is of greater strength and 
durability. I^lach tank is emptied of the mother liquor at the end of the 
crystallizing process by means of a j)lug and plug seat; the latter is burnt 
to a lead pipe, which leads to a trough or gutter, generally a tank set 
below the level. This method requires much less time than the custom- 
ary siphoning operation, which has the additional disadvantage of leaving 
a layer of liquor at least 1 in. high that must be dipped or shoveled off. 

An alloy of 90 per cent, lead and 10 per cent, antimony gives excellent 
results when used for making the seats and plugs. 

The plant is generally arranged in terraces so that the transportation 
of the liquors will be accomplished by gravity. The acid tanks are at 
the highest level with the towers, directly in front on the second level; 
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the combined receiving and settling tanks are placed on the third, and 
the crystallizing tanks on the fourth and lowest level. The gravity 
floor is completed at the mother liquor tank, which is sunk in the earth 
below the last level. The crystallizing tanks are arranged in double rows, 
with a 2-ft. space between, and are constructed on the lead covered floor 
placed directly on the earth surface, which is inclined toward the sump 
and serves as a common receiver for the entire system. The space 
between the double rows slopes to a gutter for the convenience of the 
mother liquor and any leakage to the sump. The wash floor for the 
crystals is in front of the crystallizing tanks, and slopes toward the sump 
for the collection of the wash waters. A continuous drying apparatus 
is placed on the other side of the floor, opposite the tanks. 

This arrangement furnishes a gravity flow of the liquors from the 
acid tanks at the topmost level, through the towers, receivers and 
settlers, crystallizers and finally to the sump. The acid, of course, must 
first be raised to the acid tanks, generally done by a steam injector. 

When the plant is not terraced, but constructed on the level, the cost 
of handling the liquors by steam injectors from tank to tank is 
considerable. 

The weights of the sheet lead for lining the tanks, expressed in pounds 
per square foot of surface, gave the best results when selected as follows: 
Acid reservoirs, 10.1b.; towers, 15 lb; receiving and settling tanks, 8 lb.; 
crystallizing tank, bottom, 10 lb.; sides, 8 lb.; floor under tanks, 3 lb.; 
gutters, 6 lb.; wash floors, 10 lb.; sides, 8 lb.; and sump tank, 6 lb. 

The proper strength of the sulphuric acid to start the process of dis- 
solving the shot copper is 10° B. By the passage of this acid several 
times through the dissolvers, or towers, in the manner described, it is 
concentrated to crystallizing strength, which for the best results, is 34 
to 35° B. at 60° F. The crystallizing liquor should contain not more 
than 1 per cent, of free sulphuric acid, as this small quantity does not 
affect the appearance or quality of the crystal, nor does it in any way 
injure the sale; in fact, it adds weight, which is not copper,. to the crystal, 
and costs less than copper — an item not to be overlooked. 

Should the solution or liquor from silver-bearing copper be made neu- 
tral, in the dissolving towers, all the impurities will be precipitated 
in the silver slimes. This neutral solution, however, dissolves silver, 
and loss will ensue unless sodium chloride, or preferably hydrochloric 
acid, is added, to precipitate the dissolved silver as chloride, and to 
collect it in the slimes. Best results are therefore obtained by leaving 
1 per cent, free acid in the liquor ready for crystallization. At the 
completion of the crystallizing process, during which the liquor has had 
ample time to segregate, those sulphates of lesser specific gravity than 
copper sulphate will have risen to the top, and may be drawn off from 
the copper mother liquor; their small amount of copper is regained by 
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pouring the solution over scrap iron, which precipitates it. In this 
manner the mother liquors, after dilution with water, can be used, in 
place of fresh acid, for the dissolving towers ; and in actual practice there 
is very little danger of the liquors becoming too foul for crystallizing 
purposes. Electrolytic refiners who boil down their electrolytes for 
crystal, and run the remaining solution over scrap iron, may find it 
profitable to adopt the above practice; and in the electrolytic process 
itself this point may be of advantage, as it naturally follows that the 
electrolyte will segregate in the depositing tanks if its circulation be 
stopped for a few hours. The greater portion of the arsenic and impuri- 
ties in the solution may be drawn off and removed to the bluestone 
department, thus avoiding excessive recrystallizing of the solutions. 
This method has been successfully used for some years with anodes made 
almost exclusively from foul, leady mattes. 

With a standard strength of the liquor, the size of the crystal will 
depend upon the number of straps suspended in the tanks. In other 
words, the greater the surface for the blue vitriol to crystallize upon, the 
smaller the size of the crystal, and vice versa; slow cooling of the liquor 
favors the prevention of small crystals. In a few blue vitriol plants of 
ancient construction the crystallizing tanks were 8X6X6 ft. deep to 
prevent the liquor from cooling too quickly. Tanks 10X10X2 ft. deep 
also have been used; the best size, however, is 10X10X3 ft. deep. In 
use, the tanks should be covered immediately after filling, with loose 
boards to prevent the '^salting out^^ of the blue vitriol with the conse- 
quent formation of too great a quantity of ^'fines'^ and, of course, a 
lessened production of crystals, which, under these conditions, are small 
in size. 

The crystals are dried quickly and cheaply by passing them through 
a revolving brass screen (0.25-in. mesh) enclosed in a small wooden 
chamber, with sides removable in sections. The chamber is heated by 
live or exhaust steam, and has a small exhaust fan to remove the moist 
air. The crystals are fed by copper conveyors into the screen, the exit 
end of which is sufficiently elevated to feed the dry crystals into a barrel. 
The ^^fines^^ which pass through the screen are carried by conveyors 
from below the screen to any part of the plant desired. The usual 
method of working the ^'fines” consists in placing them in a perforated 
lead basket suspended in heated and diluted mother liquors, and recrys- 
tallizing them from the solution thus formed. 

The cost of manufacturing copper sulphate depends largely upon the 
capacity of the plant. Profit is sometimes made by producing the copper 
instead of purchasing it on the market, and a sulphuric acid manufacturer 
has an advantage of a supply of acid at first cost, and an outlet for his 
^Veak distillates,^' which can be used for copper sulphate production, 
thus saving him the expense of reconcentrating them. 
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A favorable combination for diminished cost of production would be 
the combination of the process as above outlined, with the manufacture 
of sulphuric acid and metallic copper at a plant located near New York 
City; this location affording a saving in freight charges. Under these 
conditions it is estimated that the cost of making 5000 lb. copper sulphate, 
ready for shipment, per day, assuming the manufacturer also produces 
copper and sulphuric acid and that the location of plant is in the vicinity 
of New York City, would be about as follows: Copper and sulphuric acid, 
$152.63; foreman and labor, $11.50; packages, $4.80; fuel, $9.00; repairs, 
insurance, depreciation, etc., $6.00; total, $183.93, or about 3.73 cents 
per pound. This estimate may be considered high. 

Hofmann’s Copper Sulphate Process.^ — Ottokar Hofmann's process is 
based on the reaction that, if through a hot neutral solution, of cupric 
sulphate which contains ferrous sulphate a stream of air is forced, and 
at the same time cupric oxide is added, ferric oxide is precipitated and 
cupric sulphate will go into solution. Instead of specially prepared 
cupric oxide, roasted copper matte is used, which contains sufficient 
cupric oxide for the reaction. 

The solubility of red oxide of iron in sulphuric acid increases with 
the strength of the acid, therefore it is not advisable to bring the matte 
in sudden contact with too strong acid. Cupric oxide dissolves so much 
easier than the iron oxide that a weak acid can be used which will readily 
dissolve the cupric oxide, but very little of the iron oxide, and the result- 
ing cupric sulphate solution will be much purer. The strong first solu- 
tion makes this method not suitable to be worked on a really large scale, 
because concentrated solutions require but little cooling to form fine 
crystals, which are very annoying in the separation of the residues from 
the solution, because these crystals will form in the filter-press, clog the 
filter cloth and prevent a free filtration. They will form in the mass of 
the residues, whence they can be removed only by a prolonged washing 
.with hot water, causing the formation of too large quantities of very 
weak solution. 

Hofmann modifies the manner in which the dissolving of the roasted 
matte is performed, inasmuch as the roasted matte is not added to the 
bulk of acid of sufficient strength to produce at once a cupric sulphate 
solution of the required concentration, but the solution is gradually 
enriched in copper until the desired degree is reached. This is done 
by preparing first a 3 per cent, acid solution. Such a weak acid dissolves 
but very little iron oxide. Then, when hot, the copper is added gradu- 
ally as a stream of roasted matte, while at the same time a small stream 
of 60° B. acid flows into the tank. The solution in the tank is agitated 
vigorously by a machine stirrer. The proportion of matte and acid has 
to be so regulated that the solution always maintains its strength of 3 

^ Hofmann, 'HydrometaUurgy of Silver, page 259: Min., Ind., Vols. VIII and X. 
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per cent, in acid, while the content of the copper increases. This is 
controlled by frequent volumetric tests. When the desired strength 
of copper is nearly attained, the influx of acid is stopped and only so much 
matte added as will neutralize the 3 per cent. acid. Thus the copper 
matte does not come in contact with a stronger acid, and the resulting 
solution does not contain more than 0.7 to 1 per cent, iron, notwithstand- 
ing that the treated material is very rich in iron oxide. 

The process was introduced by Hofmann in the large smelting works 
of the Consolidated Kansas City Smelting and Refining Company, at 
Argentine, Kansas, for the treatment of the argentiferous leady copper 
matte, first on a medium scale, but on account of its successful working 
it underwent an enlargement every year until a daily capacity of GO tons 
of blue vitriol was reached. The plant is not now in operation, the 
smelting works with which it was connected having been closed down 
and dismantled in 1902. 

The material ti’eated is a leady copper matte containing 34 to 40 
per cent, copper and 12 to 14 por (‘.(uit. h^ad. It is cruslied first in a rock 
breaker and then pulveriztui in a Krupp l)all”mill of 100 tons daily 
capacity through a scrcum of 50 meshes to the lineal imdi. The roasting 
is done in three two-story Pc^arco turret furnaces, each provided with 
three fire plac-es at the lowm* and two at the up])er hearth. For tlie bene- 
fit of the subsecpient opcu'ation tl\c roasting has to bo conducted with 
great care, and with attention ecpially divided between the oxidation of 
the copper and of the iron. The copper is to be convertcHl into tlic cupiic 
oxide and sulphate, and tiu^, iron into red oxide, in whicdi state it dissolvers 
only slowly in hot dilute suli)huri(j acid. The formation of cupric sul- 
phate is very desirablcr, as it saves acid in the Bul)S(M[uent treatitient, l:>ut 
still it is not advisable to conduct the roasting so that as much as possible 
sulphate is formed, Ixkuiusc the roastcrd matcuial will tlion contain too 
much soluble iron, which would mak(i tlie njsulting cupric sulphate 
solution too impurcr. At a comparatively early stage of the roasting 
nearly all the copper is in a state in which it can be (extracted by dilute 
sulphuric; a(;id;al)out 75 |)(;r cent, of it is pn^sent as oxide and 25 per c(;nt. 
as 8ulphat(\ Tin; roasting, howcv(;r, cannot 1)0 (jonsidered complete at 
this stage, because the roasted material still contains too much soluble 
iron. 

At the beginning of the operation the tempcjrature should not bo 
raised above that produ(;cd by the combustion of the sulphur of tlie 
matte. During this period the charge assumes a ratlnu bright red 
appearance, an effect due more to light than to heat, and if excess of 
air is admitted to the furnace but few lumps will form, even with very 
leady copper matte. Gradually, as the oxidation advances, the surface 
of the charge becomes darker, especially near the ore doors, and when the 
entire surface of the charge begins to darken, the fire is slightly increased 
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to prevent cooling, as from this time on the supply of heat furnished by 
the oxidation decreases rapidly. If this condition is overlooked and the 
charge cools too much, it will be difficult to raise the temperature again 
to the proper degree. 

The roasting is continued at a moderate temperature until no more 
heat is evolved by the oxidation of the material, after which the tem- 
perature must be raised to a cherry red. A skilled roasterman can 
readily determine this point by stirring the charge; if the particles 
thrown to the surface brighten, the roasting has not advanced far enough, 
but if the entire charge presents a dead and uniform red color, it shows 
that this part of the roasting has been completed, and that it is time for 
an increase in temperature. This can now be done without danger of 
lumping the charge, because by this time the greater part of the sulphides 
has been oxidized. 

The increase of the temperature is necessary for two reasons: first, 
to hasten the oxidation of the remaining sulphides, which would require 
a very long time at a low temperature, and second, in order to decompose 
the iron salts and to convert them into the red oxide. The task for the 
roasterman is to convert as much as possible into the red oxide without 
decomposing the cupric sulphate present. Cupric sulphate resists con- 
siderable heat, more so than the ferrous salts, and it is possible to conduct 
the roasting in this way; but the increase of temperature requires 
judicious care, because if the heat is too high the cupric sulphate will be 
reduced to cuprous oxide, in which condition but half of the copper is 
soluble in diluted sulphuric acid. If crystals of cupric sulphate arc 
exposed to heat and air, it will be noticed that after the acid has been 
expelled the mass assumes a red color showing the formation of cuprous 
oxide. If heating is continued, it turns black by being oxidized to cupric 
oxide. Should cuprous oxide be formed, the amount of extractable 
copper will be greatly reduced. When the roasting is done in a common 
reverberatory furnace, a mistake of this kind can be corrected by keeping 
the charge longer in the furnace and thus oxidizing the cuprous to cupric 
oxide. In a mechanical continuously discharging furnace, however, this 
cannot be done, but with experience and care the decomposition of the 
cupric sulphate can be avoided. It is of great importance that, during 
the whole of the roasting, air has free access into the furnace. 

It is not possible to avoid the formation of lumps, especially in 
roasting leady matte, but if the roasting is conducted properly, these 
will be small, soft, porous, and consist of well roasted material. Roasted 
matte is always of coarser grain than the raw pulp, and for this reason 
as well as on account of the lumps it is necessary to pulverize the roasted 
material before treatment with sulphuric acid. This is best done in a 
Krupp ball-mill through a screen with 50 meshes to the lineal inch. 

The dissolving at Argentine, Kansas, is done in eight agitating or stir 
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tanks, which are arranged in two parallel rows with a track between for 
the delivery of the matte. The tars are scoop-shaped and arc partly 
covered with sheet iron, and so made that the cover and scoop end conui 
close together, leaving only a narrow slit open, so that when the car is 


Maple 



Fig. 77.— Stir tank, vortical section. 


tilted the roasted matte runs gradually in the dissolving stir tank. Fig. 
77 represents the vertical section of a stir tank, 12 ft. in diameter and 6 
ft. deep. The bottom and sides are lined with boards for protection 
against wear from the friction of the pulp. In the center is suspended a 
heavy wooden shaft, having fastened to the lower end, by heavy brass 
plates, a cross-beam cut at both ends like a propeller-blade. In the 
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center, below the propeller and fastened to the bottom of the tank, is a 
cone-shaped projection constructed of strong wooden staves, the interior 
of which is filled with sand. This cone forces the matte, when the 
propeller is in operation, toward the periphery, where it is subjected to 
the swift rotating motion of the liquor, thus preventing its accumulation 
in the central part, where the motion is much less. Two outlet pipes 
provided with hard-lead valves make connection with the pressure tank. 
These are placed one above the other to permit the withdrawal of a por- 
tion of the clear liquid if desired, in which case the paddle is stopped and 
the residues allowed to settle. In the usual working of the tank, how- 
ever, the lower outlet only is used. The wooden ring attached to the 
rim of the tank prevents the splashing of the pulp. The tank and trestle 
support are placed in a flat lead pan to collect any leakage. The upper 
part of the shaft is provided with a gear-wheel to receive the power. 

The stir tanks are filled about two-thirds full with water, the agitator 
set in motion, and sulphuric acid added until the liquid shows about 

3 per cent. acid. The matte is then charged gradually, and at the same 
time a stream of acid is allowed to flow in so as to maintain the same 
acid strength during charging. In this way the dissolving is accom- 
plished with an acid strength of 3 per cent, or less, and still yields a strong 
solution of cupric sulphate. As stated above, it is preferable to work 
with weak acid, because much less iron and other impurities will be 
dissolved than with stronger acid. When the solution has attained a 
strength of about 20 to 22® B., the flow of sulphuric acid is stopped and 
matte only charged until the solution is neutral. Toward the end it is 
advisal)Ie to charge the matte at intervals, and to make frequent acid 
tests to avoid an excess of matte. The addition of sulphuric acid to the 
water, and the matte to the diluted acid, produces heat, which aids the 
solution of tlie cupric oxide. Tins licat is not sufficient, and the tempera- 
ture is further raised by a jet of steam: It is well to interrupt the 
charging of the matte while neutralizing as soon as the solution shows 
1 per cent, free acid. If the agitation is then continued this 1 per cent, 
of acid will be diminished, but if in half an hour after the acid test the 
percentage of free acid remains the same, more matte is added until the 
solution is neutral; in this way a mistake of adding a large excess of 
matte is avoided. 

Below the stir tanks are the pressure tanks, into which the finished 
charge is drawn while the paddle is in motion. On account of the 
residues the pressure tanks are in an upright position, and are constructed 
as follows: the body consists of two cylindrical sections 4 ft. long and 

4 ft. 6 in. in diameter, the bottom being of a spherical shape of 2 ft. 3 in. 
radius. The top is rounding upward to a height of 6 in. above the rim. 
The sections are tightly flanged, with a rubber gasket between. Four 
pipe connections are made through the top; the discharge pipe entering 
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through the center passes nearly to the bottom, and the filling pipe, 
airdnlet and air-outlet pi])es are conveniently arranged around it. 
By proper connecdion with the filling pipe and ])y the use of valves, one 
pressure tank is made to scn-ve four stir tanks. The upper cylindrical 
section is provided with a manhole, and the tanks arc made of cast iron 
and lined first with lead and then with wood to protect the lead from 
wear by abrasion. The air pn'ssure recpiired is from 40 to 50 11). Fig. 
78 shows the top view and Fig. 79 a v(^rtical section of an upright pressure 



Fiob. 78, 71), Fust iron tank. Fig. 78 (top righi,), top vic^w; Fi^j;. 79, 

H(H:tiou on AB; HO, plan <»f mipportin^ frann^. 


tank, wliile hh'g. SO illusirab^H th(^ Hup|)orting frame. This tank as 
represented l)y th(‘ figurcNS is smalhu* than those used at Argcuitim^, and 
has only one cylindricad siavtion iusbanl of two. The gemnal arranges 
ment, however, is tln^ sanu*. I'he air illicit extcuids downward along the 
side, ending near tluj discharges pipe, in ord(*r to keep the n^sidiK^H n(‘ar 
the outlet in a loose condition and prevemt tlie pip<^ from clogging. For 
this reason it is advisable^ to havc^ a small stream of air enten* during 
filling. 

The pulp is forcaul by tin* presBure tank into a large filter-press, of 
which there are five in use. The press is 25 ft. long and has hardwood 
frames and plates, and holds, when filled, 5 tons of residues. The 
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clarified solution flows from the press to lead lined storage tanks, from 
which it is elevated, by means of a pressure tank, to the purifying 
towers. These towers were originally made of 20-lb. sheet lead incased 
in a cast-iron framework, which, however, were replaced by larger ones 
made of 4-in. California redwood. Fig. 81 represents a vertical section 
of such a tower. They are made of staves 16 ft. long, 9 ft. in diameter, 
and are well hooped with round iron. The top and bottom are flat. 
The towers are firmly fastened to a strong wooden trestle, which in turn 
is anchored to a concrete foundation. This construction is called for to 
guard against the oscillating movement of the tank from the action of the 
contained solution, which is set in violent motion by the ascending air. 
Inside the tower, about 19 in. above the bottom, the 4-in. lead air pipe 
enters, and is connected with a perforated 6-in. lead pipe, which extends 
diametrically to the opposite side and is closed at the further end. 
Outside the tower the pipe extends upward to above the top of the 
tower, and thence downward to the discharge pipe of an air compressor 
or to an air receiver, connected with the compressor. This arrangement 
is necessary to prevent the solution from flowing to the air pumps if 
the latter be not in operation. At the same level with the air inlet, the 
4-in. discharge pipe enters, which is provided with a hard-lead valve 
placed close to the outside of the tower. At about the same level enters 
a 1-in. lead steam pipe for heating the charge. The direct application 
of steam does not dilute the solution, because the evaporation, which is 
favored by the ascending air, fully equalizes the dilution by condensed 
steam. The top of the tower is provided with an 8-in. pipe extending 
through the roof for the escape of steam and air, which, however, first 
are made to pass through a lead-lined box provided with shelves arranged 
in a zigzag manner to precipitate all particles of liquor which may be 
carried out by the current of air. A 4-in. pipe also enters the top, which 
serves for filling the tower with crude copper solution. An opening in the 
center is connected with a small hopper which is filled with roasted matte. 
The upper third part of the tower is provided with glass tube gauges to 
control the filling. The perforations of the air pipe are only on the 
bottom side, to prevent the inflow of matte and precipitate. The steam 
pipe enters through the lid of the manhole, as the heat of the pipe affects 
the wood at its immediate surroundings. 

The tower is filled with crude solution, leaving, however, sufficient 
room for the increase in volume of the solution, which immediately takes 
place as soon as the compressed air is supplied. A tower can be charged 
with about 5000 gallons of solution, and as three such charges can be 
refined in 24 hours the working capacity of one tower is 15,000 gallons 
per day. At Argentine eight such towers are in use. When the tower 
is filled, steam is allowed to enter, and also some air, to produce a more 
xmiform heating of the solution. The air causes the precipitation of 
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some basic iron salts, but never more than half of the iron contained in 
the solution was precipitated, although the treatment, at times, was 
extended many hours. When the solution is hot (75 to 80° C.) more air 
is admitted, and some roasted matte from the hopper is made to drop into 
the tower. The violent boiling motion of the solution keeps the matte 
in suspension; and after 3 to 4 hours the solution will be entirely free 
from iron, arsenic, antimony, etc. To observe and to regulate the 
progress of the operation the solution is tested from time to time for iron 
by taking samples through a small cock inserted in the side of the tower. 
If between two tests the content of iron is not diminished some more 
matte is added. It is not necessary to. test for other impurities, because 
the iron predominates, and by the time all of it has been precipitated, 
no trace of any other impurities will be found. 

The cupric oxide in presence of air combines with the sulphuric acid 
of the ferrous sulphate, forming cupric sulphate, while the iron is precip- 
itated as oxide, a decided advantage, as the precipitant is converted into 
cupric sulphate, and thus enriches the solution in copper. 

The refined solution leaving the tower should not be stronger than 
24 to 26° B. when hot, as otherwise it will cause trouble in the filter press, 
for reasons above explained. Should a concentration have taken place 
in the tower beyond this, the solution should be diluted. The tower is 
discharged into a special stir tank and from there, by means of a pressure 
tank, forced into a filter press. The clear and purified liquor is conveyed 
to the evaporating department, while the residues are subjected to an 
additional treatment. These tower residues are of grayish-yellow color 
and consist principally of precipitated iron, arsenic, antimony and some 
undecomposed matte, with also some basic copper sulphate. To remove 
the last named substance the residues are treated in a stir tank with 2.5 
to 3 per cent, cold acid solution, which dissolves the basic copper salt, 
leaving the impurities unaffected, with the exception of iron, which is 
acted on very slightly. 

The refined solution does not contain even a trace of silver. What- 
ever silver is converted into the sulphate during the roasting is precipi- 
tated in the stir tanks by the ferrous sulphate present in the solution. 
The residues are washed well in the filter press to remove all copper solu- 
tion. The wash water is collected separately, and used instead of fresh 
water for the preparation of a new charge in the stir tanks. The residues 
contain all the silver, gold and lead of the roasted matte ; they are of a 
dark-red color and consist mostly of iron oxide. They are sent to the 
lead smelting department for the extraction of the precious metals and 
the lead. On account of the large precentage of iron oxide and lead the 
residues are an excellent material for lead smelting. A large portion of 
the lead of the matte is converted into sulphate by the roasting, and 
therefore does not act much as a consumer of acid. As the roasted 
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matte contains 20 to 25 per cent, of its copper as sulphate, the total 
consumption of acid is much less than the equivalent amount contained 
in the blue vitriol produced. 

The evaporation department furnishes 90,000 gallons of concentrated 
solution daily. To supply this amount an improvement over the old 
pan evaporator with under-fire or steam coil was requisite, and as the 
vacuum evaporators could not be adopted an economical and effective 
evaporator was introduced by Hofmann, illustrated in Figs. 82 and 83. 
The principle observed in the construction of this evaporator is the 
application of the hot furnace gases in a manner by which almost a 
complete utilization of the heat contained in them takes place. The 
apparatus consists of a flat tank, wooden with the exception of a 2-ft. 
space at the front end, which is made of steel, so that the wood will not 
be in too close proximity to the furnace. The tank is 65 ft. long, 12 ft. 
wide and 2 ft. deep, and is lead lined, the two ends having much heavier 
lead lining than the sides and bottom. It is traversed longitudinally by 
thirteen G-in. heavy lead pipes. These pipes rest on bricks which are prop- 
erly placed on the bottom of the tank. The tank rests on wooden trestle 
work of a proper lieight to correspond with the height of the furnace. At 
the furnace end in ea(;h lead pipe is inserted a 5-in. pipe 4 ft. long, pro- 
vided at the outer end with a flange. The iron pipe serves to protect the 
lead pipe from immediate contact with the red-hot gases from the 
furnace. They also make the connections between the lead pipes of the 
tank and the iron pipes of the furnace. 

The hirmxvx) is (comprised of the fireplace C, the dust chamber D and 
the distributing cliaml)er D'. At a proper height in the wall of the 
distributing c.harnber nearc^st the tank are 13 openings, in each of which 
is inserted a shoi-t cast-iron pipe, 5 in. in diameter, with a flange at the 
outer end. Each pipe is connected with its corresponding piece of iron 
pipe inserted in the lead pipe of the tank by a cast-iron S-shaped elbow, 
7, whic.li allows the introdin^tion of the compressed air pipe E for remov- 
ing any accnimulation of ashes in the lead pipes of the tank. 

An American underfed stoker is used for the slack coal fuel and affords 
practically perfect combustion, which is of great importance, as other- 
wise the lead pipes would soon become coated with soot and lose much 
of their efficiency to transmit the heat to the solution. 

The opposite ends of the lead pipes in the tank are connected with 
the brick suction chamber 0, which in turn is connected by a galvanized 
iron pipe, R, with a suction fan, P, the gases being discharged into an 
underground flue, 8. This flue serves in common to collect the waste 
gases from 11 evaporators, and terminates outside the building in a 
brick chimney 40 ft. in height. 

The top pan is closed with a wooden cover, and wooden joists, G, 
are placed across the pan about 5 ft. apart, having cleats fastened to the 




Figs. 82 and 83. — Pan evaporator, longitudinal section and plan. 
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lower side, us shown in Fig. 82. The spaces between the joists are 
covered with boards resting on the cleats and pushed together closely, 
but not nailed, so that the whole or part of the cover can be easily 
removed. A])out 14 ft. from the front end of the tank is a 14-in. 
suction pipe; connected with th(‘ main suction pipe, M, wdiich crosses all 
of the evaporators to remove the water vapors. The main suction pipe, 
ilf , as well as the branch pipes, L, are made of wooden staves kept tight 
by hoops. M is connec^ted with a large su(4/ion fan having the housing 
and wings of she(‘t coj>j)(n* and the shaft and arms of brass. Tliis fan 
rapidly removes the vapor from ea(4i evaporating tank, and by its use 
the building, even in cold wint(n- weatlun-, and notwithstanding that 
11 such evaporators are in op(u-atioji, is entirely free from steam. A 
wooden sta(tk outside th(‘ building serves for the dicharge of the fan, and 
the cxluiust at eacli individual eva])orator is regulated by a wooden 
slide, iV, inserted l)(‘low th(‘ suction pipe L. 

Figure 82 gi v(‘s tlu' (‘.oust ruction of the first or experimental evaporator. 
During thc^ (vxjxu-inuuits it was found that the (bin. lead pipers passing 
through l)oth (aids of thc^ tank, and being l)urned with haul tight to both 
ends, did not ke{‘]) th(‘ir straight position, but on a(*.(X)unt of the expansion 
became wavy. Profiting by this (‘xjxumnu^e the bac.k ends of the otluu* 
evaporators were imuh^ sloping, and tlu^ pipes, inst(aul of passing through, 
passed over tlu^ edge^ of tlu^ back (uid. This allowed the pipes to (axpaud 
fr(‘(4y, and tln^y ndiairuxl their stniight position. 

(lloH(!5 to th(‘ (‘ud of the evaporating tank and nesting on the cover is 
the Icaul-liiuxl fcHxl l)ox, P', from the l)ottom of whicdi is a short pipe or 
nipple (axtemding into the tank. The solution HU]>])ly pipe, whi(di 
(u-oHses all 11 (nmporators, is (‘ouiKx^tcal with the large BUi)])ly tanks, and 
Bcnwes to eonvt^y tlu^ solution to (uich evaporator l)y down-taktm, IJ. 
The outl(4 of th(^ cnniporating tank is in the side near the furnace end, 
about 4 in. al)ov(^ the hot-air pi|>es, B. 

The oj)ca*ation is (umduc.tel as follows: The pan is first fillcHl to the 
l(iV(d of the (nitl(‘t with the (?()p})cr sulphate solution to be concentrated, 
the fire is them star^tcxl and tlui Btok<*r and suction fans set in motion. 
The big (topper fan is not startcnl until the solution l)ecomoB hot enougli 
to gcuntraiet stcaum Some solution is added through V to keep the surface 
of the solution at the same lev(d. When it is found that the solution near 
the output has attained the desired concentration, a continuous stream 
of refined solution is allowed to flow into the tank from the feed box, 
which starts a continuous flow of concentrated solution through the 
outlet. The amount of influx is regulated by frequent hydrometer 
tests of the solution at the outlet. The supply of find by the automatic 
stoker being rc^gular, the lieat of the evaporator is very uniform, and once 
having adjusted the proper influx of the weak solution the outflowing 
stream will be found of quite constant concentration. 
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The glowing hot gases entering the tubes give off the main part of 
their heat to the solution within a comparatively short distance from 
the point of entrance, and cause this portion of the solution to boil. In 
the passage of the gases through the tubes they gradually come into 
cooler regions, and are offered an excellent opportunity to give off more 
of their heat to the surrounding solution, so that, when they finally 
leave the tubes, their temperature is much below the boiling point of the 
solution; in fact, so low that the pipes at that end can be comfortably 
touched with the hand. In a tank 100 ft. or 125 ft. long the gases would 
leave at a temperature about that of the surrounding air, thus completely 
utilizing the heat of the gases. 

The greater economy and efficiency of this type of evaporator, as 
compared with one having a steam coil or bottom fire, is apparent. The 
production of steam involves a considera])le waste of heat, and in using 
it to evaporate liquids, its circulation through coils produces a large 
amount of condensed water at a temperature very nearly 100° C. the 
heat of which is generally lost. To evaporate by direct fire under the 
bottom of a jjan is very inefficient and wasteful; and in the present case, 
in which no other metal but lead can be used for tlie pan, it requires 
great care and watcdifulness to avoid melting the metal. 

For concentrating chemical solutions wliich do not affect iron the 
evaporator described can be constriu^ted entirely of iron and steel, and at 
much less cost. The |)an itself, however, should always be placed in a 
wooden tank to prevent loss of heat by radiation. 

Very fine particles of ashes settle in the longitudinal tubes, but these 
ashes are very light, and by turning the valve of the compresscul air i)ipe 
E, one of which is attached to each tube, they are easily removed and 
blown into tlie chamber 0. 

The continually outflowing concentrated solution passes into a lead 
pipe common to all the 1 1 evaporators and is conve^yed into a (tollecsting 
tank, from whicli the liquor is elevated by means of a liorizontal |)rcsHure 
tank into a system of troughs which pass over all the (;rystallizirig tanks, 
of whicli there are 112, each of 720 cu. ft. capacity. The troughs are 
covered and so arranged that any individual tank can lie filled. Wooden 
tanks, lead lined, of the same size, did not answer. 13y the frequent 
changes of temperature to which they are exposed, the lead lining con- 
tinued to expand without contracting again, which caused in course of 
time so many leakages that it became intoloralile. The present tanks are 
made of 20-in. thick concrete walls, which, however, do not come up to 
the expectation either, though they are far superior to the wooden lead 
lined tanks. By the sudden change in the temperature when the tank 
is filled with such a large volume of hot liquor, fine cracks in the walls are 
caused, through which, if not attended to, leakage will take place, but 
leakage can be prevented by plastering a little cement on the outside 
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of the tank. An experimental tank built of bricks, however, answered 
the rcquireinciits of such large crystallizing tanks. The brick walls 
have in the center a 2- in. space filled with a mixture of asphaltum and 
sand, wliich combines with the bottom layer of the tank, thus practi- 
cally forming a tank by itself, embedded in the brickwork. When heated 
by i.hc sudden filling of the tank with hot solution, the asphaltum softens, 
and when gradually cooled contracts without cracking. 

On top of each tank are movable wooden frames supporting numerous 
strips of lead 5 ft. long, on which the crystals form, as well as on the 
sides and bottom. The solution remains 7 days in tlie tank. In dis- 
charging, the mother li(p.ior is drawn off through a brass tube near the 
bottom, then the frames with the strips are lifted up with block and 
tackle attached to an overliead crawl. The crystals are knocked off 
from tlie strips with a wooden paddle and fall into tlie tank. The frames 
are tlnui uiovckI to one side by means of the crawl. The crystals from 
the sides are brokem down also. The tanks are arranged in long rows 
int(‘rsected by several cross i)assages. Between each two rows is a track 
for transporting the blue vitriol crystals, on either side of which is a 
ccunent chamud to recavive and to (uinvey tlie mother liquor to pressure 
taidvs for furilun* handling. Bails are laid in nauisses near the rim of the 
tanks, so that tin; rails of th(i two oj>posite rows of tanks form a tra(;k 
for a lioppcu* mountcal on wlu'els. The crystals an^ shov(d(^d with (topper 
shov(ds into iJiis hoppm*, which fills the push car underneath through, 
a spout with slid(\s in tint c.<tnter. As tint tanks ant G ft. deetj) the crystals 
hav(t to l)(t thrown at l(‘ast 7 ft., and in doing so sonut of the crystals un- 
avoidably fall liack into tint tank, fr(t(piently striking the shoveler. It 
was found that this was v<try injurious to the men, especially in summer, 
dlunr l)odi{‘s IxHuum; covered with deep sores, whicli, while not dangerous, 
wen^ v(try ])ainful. 

To prot.(*(d, tint num, Hofmann constructetd and sett in operation the 
dctvicct iliustrat(td in Fig. 84. On top of the movable hoppetr is moimt(td 
tint framet A", K, witli a turntable and circular track underneath, whicJi 
n^sts on a uumlxu’ of stationary wheels and is kept in place by the pin P, 
Thc^ o!)jcu*t of tin's turntable is to make the apparatus availalilc for the 
opposite^ row of tanks by rotating through 180 degrees. The frame K is 
provided with a licit elevator A, with copper cups. On the shaft F arc thc^ 
juilleys L and Af , whidi drive tlie (levator pulley A. The elewator can b(3 
brought to a horizontal position by nieanH of the shaft F. The lower end 
of the elevator is ])rovided with the boot A, which can be brought down to 
within a short distance from the bottom of the tank and into which the 
(Tystals are sliovelcd. The power is imparted, by an electric motor on 
the platform of the frame, which reccivcB the electric current by an over- 
head wire and trolley. From the time this device came into operation 
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the men were protected, as they had to shovel the crystals only a short 
distance above the floor. 

The crystals are washed in a stream of mother liquor in a trough, and 
conveyed by this stream into a hexagonal revolving screen, having shaft 
and arms of brass. The screen itself is of maple wood, perforated. 
There are two such screens, to make two sizes of crystals. The mother 
liquor with the smallest crystals, dirt and sediment, after leaving the 
second screen, is conveyed to an agitating tank and heated by a steam 
jet to dissolve the very fine crystals. The resultant solution is sent 
through a filter-press, the clean liquor flowing to the storage tanks. The 
crystals are dried in 10 brass centrifugal machines. The yearly pro- 
duction is about 18,000 tons of blue vitriol. 



The crystals having been obtained from such a pure neutral solution 
are of a very deep blue permanent color, which is not affected by light, 
except in the direct rays of the sun. They do not change into a bluish- 
white powder, which is the case with crystals made from an acid solution. 

The trade in blue vitriol demands large crystals. In crystallizing a 
salt solution in large tanks it will be found that, while on the strips and 
sides large crystals are formed, the bottom will contain mostly small 
crystals. As this necessitates the dissolving and recrystallization of a 
large portion of the bottom crystals, and consequently of quite a percent- 
age of the total production, this peculiarity was rather annoying, and, 
searching for the cause, it was observed that on the surface of the cooling 
liquor numerous very small crystals were formed. They do not remain 
on the surface, but sink as soon as formed. These crystals are so small 
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that they cannot be seen as siich^ but if a good light strikes the surface, 
the liquor right under the surface sparkles from light reflected on these 
minute crystids. It (am easily ])e observed that they sink and that new 
ones arc continually formed, tliiis producing a very shower of fine crystals 
from the surface to the bottom. This phenomena is caused by the 
evaporation of the water on the very surface where the liquor is in contact 
with the air. By losing part of its water a very thin sheet of the solution 
on the very surfa(^e will ])ecome so concentrated that it has to form and 
drop these very fine crystals, aided ])y the cooling effect of evaporation 
and contact with the air. Following up these observations Hofmann 
caused a stream of watcu* to enter the tank under light pressure and 
level with the surface througli a flat nozzle, so that the water did not mix 
with the solution, but (a)V(n-ed as such the whole surface about an inch 
thick. This stopped the s])arkling of these minute crystals entirely, and 
when crystallization was finislu‘d it was found that the bottom crystals 
were just as good as the crystals on the sides, so that they could be 
mixed and treatc'd tog(‘ther with the otiun* crystals, and the tedious and 
expemsive opcu’ation of dissolving and recrystallizing of an already 
finished product wa,s entin‘ly avoided. Aft(U’ this successful trial the 
whole crystallizing phiut was ('(jui]>])(‘d with a propm- arrangement for 
this pur])os(‘, so that tlu^ operator had only to fill each tank to the given 
mark and tluvn to turn on the wat(T for a short time. The mother liquor 
is soimnvhat dilut(‘d ])y this nutJiod, but the advantage gained greatly 
outw(‘ighs th(‘ disadvantage. 
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CHAPTER XIX 
APPARATUS AND APPLIANCES 

Copper solutions are among the most corrosive substances known, 
and the selection of materials to be used in handling and containing the 
solutions is something of a problem. Of the commercial metals, iron is 
of course unsuitable. Copper is available in the form of sheets and pipes, 
but the copper itself is more or less readily dissolved, and the consequent 
expense of replacements and repairs would be prohibitive. Lead may 
be used for sulphate solutions but is quite impracticable when working on 
a chloride basis, for, while lead is quite indifferent to solutions of copper 
sulphate it is quite rapidly attacked by solutions of copper and other 
chorides. 

Tanks. — Wood is fairly permanent, but the iron hoops have to be 
carefully protected, and a wooden tank, of any considerable size, which 
will hold either cold or hot copper solutions without leakage, is the ex- 
ception and not the rule. Reinforced concrete tanks do very well if 
erected on ample foundations, but the concrete is attacked by the acid 
solutions, and hence some provision must be made for the protection of 
the cement. This is readily accomplished by asphalting the bottom, but 
the sides are not as readily taken care of. A heavy coating of bard tar 
for the side will answer very well for short intervals. 

The usual method of constructing a rectangular wooden tank for 
copper solutions, is to have the sides made double, with a space of 2 or 3 
in. between to be filled with tar and sand, as shown in Fig. 50, page 264. 
The bottom is also covered with a layer of tar and sand, on top of which 
is laid a course of acid proof brick as the working floor. 

At Helsingborg, Sweden, the leaching vats are made of resinous pine, 
elliptical in shape, with the long and short diameters 10 and 6 ft. respec- 
tively, and with an inside depth of 4 ft. Both the bottom and staves are 
made of 5-in. wood and the whole is held together by three iron bands, 
2 in. by 3 1/4 in., kept at short distances from the sides of the tank by 
pieces of wood so that the leaking copper solution will not disintegrate 
the iron. 

Probably the best way of constructing the tanks and leaching vats is 
shown in Fig. 85 in which the body of the tank is built of re-inf orced con- 
crete, with a brick lining inside, and the space of 2 or 3 in. between the 
brick and the concrete, filled with asphalt. The bottom is also asphalted, 
so that the entire asphalting is continuous. Acid proof brick is laid on 
top of the asphalted bottom, which serves as the working floor. 
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Lead-lined tanks ^ which are quite largely used with sulphate solutions, 
should be built on solid independent foundations. Vibrations are in- 
jurious. Constructionally, lead-lined round, wooden tanks are better 
than square tanks, but owing to the large amount of waste space in a 
building containing round tanks, square tanks are usually preferred. 

If square, the bottoms and sides of the tanks should be built of heavy 
supporting timbers. The bottom timbers should be strong enough to 
prevent even the slightest sagging. The sides should be made of 8-in. 
by 10-in. or 6-in by 12-in. timbers, mortised into the bottom timbers, 
securely braced, and close enough together to prevent bending or bulging. 
This frame should be lined with 2 1/2-in. planks, which should be bolted 



Fig. 85. — lloinforcod concrete tank. 


to the frame with countersunk bolts. Nails should not be used; but if 
\iscd, cut nails are preferable to wire nails. After the j)lanking is secured, 
it is lined with lead weighing 6 or 8 lb. per square foot. Or 8-lb. lead may 
be used for the bottom and about 1 ft. iq) the sides; above this, 6-lb. lead 
may be used. 

The weakest part of the lead lining is always at the joint or just above 
it, and if the framework is not substantial enough to prevent movement, 
the breaks in the lead lining bc(a)mo soxious and arc a source of continual 
annoyance and expense. Round woodexi tanks as a background for the 
lead lining, are betten^ than square tanks for the reason that they are 
more rigid and there is no tendency toward even the slightest movement 
as the tanks are filled and emptied. 

The sides of the lead lining of square tanks should be bolted at in- 
tervals to the timb(;r work. Tiiis is xisually done by bolting the lead to 
the woodwork in the usual way with ordinary iron bolts having fairly 
large washers, and then l)urning lead caps over the head and washer of the 
bolt, as shown as Fig. 86; or an iron bolt having the head encased in cast 
lead, may be used, as shown in Fig. 87. The edges of the cast lead head 
should then be burned to the lead lining of the tank. The bolting of the 
lead lining to the wooden frame prevents undue movement, to which 
most of the breaks and leaks in lead-lined tanks may be attributed. 

The tanks should not be too deep; from 5 to 7 ft. in the clear is a gbod 
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height. Fewer larger tanks are better than more smaller ones of the 
same capacity. It is best to make the tanks shallow and large in area, 



Fig. 86.-™--Detail of lead lined tank construction sliowing method of bolting lead lin- 
ing to wood frame. 



Fig. 87. — Detail of lead lined tank construction showing method of bolting lead lin- 
ing to wood frame with iron bolts protected with lead. 


rather than deep and of smaller area. The settling or leaching in large 
shallow tanks is much more readily accomplished and the repairs are less. 
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Settling tanks usually have two openings in the bottom; one of these 
openings is surrounded by a collar 4 to 6 in. in dianaeter and 6 to 8 in. 
high, through the top of which the clear settled solution is drawn, 
leaving the slimes in the bottom of the tank. The other hole. is flush 
with the bottom, so that when the tank requires cleaning the accumulated 
slimes are swept through the hole. The entire tank should drain slightly 
toward this hole to facilitate cleaning. 

Both holes are provided -with a collar on the outside to which is 
clamped a short piece of rub])cr hose, so that the flow of solution may be 
regulated or shut off by a pinch clamp working on the hose. This 
arrangement is preferred to rod and rubber stopper working from above. 

The side corners of rectangular tanks should be chamfered, and the 
lead should fit snugly against the wood. 

All joints and connections should l)e l)urned; no joints or connections 
should l)C soldered. 

The following tal)le gives the thickness and corresponding weights of 
sheet lead, which is convenient for reference in connection with lead 
lining of tanks. 


SnioKT Lead 


Thickness, 
3/(34 in. 
1/25 in. 
1/10 in. 
1/14 In. 
1/12 in. 
1/10 in. 
1/8 in. 
5/32 in. 
3/16 in. 

1 /4 in. 
3/H in. 


Weight. 

2 

1/2 Ih. 

3 

lb. 

4 

II). 

5 

lb. 

(3 

lb. 

7 

lb. 

8 

11). 

10 

11). 

12 

lb. 

16 

lb. 

24 

lb. 


Condticting Solutions.—For conducting solutions, wooden troughs, 
lead pipe, or eartluniware may V)C used. Lead pipe is available for 
sulphate l)ut not for chloride solutions. Acid proof rubber hose may 
be used for both sulphate and chloride solutions, but is rather expensive, 
and deteriorates quite rapidly. Hard rubber piping is unaffecsted l)y any 
copper solution, but is very expensive, breaks easily, and once broken, 
difficult to mend. Lead-lined iron pipes are used and give satisfactory 
results in handling mine water at Butte. Enameled iron piping is also 
made which is said to withstand the corrosive effects of either acid or 
alkali solutions, and may be used under pressure equal to that of ordinary 
iron piping. 

Wooden troughs are best made as shown in Fig. 88 by bolting the 
sides to the bottom piece. The bolts go through auger holes in the 
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bottom piece, and have cast washers on both sides. The distance 
between the bolts should not be more than 4 to 6 in., and the cast-iron 
washers should be reasonably large. In fitting lengths together, the 
joint is made by cutting the ends off square, inserting a rubber gasket 
between them, and then drawing the ends together with an iron yoke 
fitted to the end of each section, as shown in Figs. 89, 90 and 91. The 
yokes are made of cast iron, and set into 1/2-in. grooves around the sides 
and bottom of the trough, and provided with holes to screw them to the 
wood. By means of bolts, from one casting to the other, the ends may 
be tightened as desired. Troughs are available only where the solution 
is not under pressure. 

If lead pipe is used the lengths may be connected to one another 
either by burning, or by flange unions without burning. To make a 



flange connection with lead pipe the ordinary iron flanges are made; 
smooth and the sharp corners rounded in a lathe. The lead is then 
swedged so that when the pipes are brought together; the lead flanges 
will be securely bolted between the iron flanges, thereby protecting the 
iron flanges, and making the lead pipe continuous, as shown in Fig. 92.,. 
The joints can be made tight without a rubber gasket, but if a gasket iSj 
used it should be of pure rubber. Ends of the pipe may be closed in 
much the same way by flanging the end of the pipe, and inserting a lead 
disc to protect the outer iron flange, as shown in Fig. 93. Only the 
heavier weight lead pipes should be used. The following table gives for 
convenient reference, the standard sizes and corresponding weights of 
lead pipe. 
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%\\\\hhw Daskot 






One Bight and Ono Left 


Fias. 89, 90, Ol.—DtditilH of trough conHtruction. Fig. 89, oross-soction of trough 
Fig. 90, connection of troughs; Fig. 91, trough union. 
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LEAD PIPE. WEIGHT PER FOOT 



i 

X Light 

I 

Light 

Medium 

Strong 

X Strong 

i 

XX Strong 

Size 

Lh. 

Oz. 

LI). 

Oz. 

I.b. 

Oz. 

Lb. 

Oz. 

Lb. 

Oz. 

Lb. 

Oz. 

3/S 



0 

12 

1 

0 

1 

8 

o 

0 



1 /-L' 



1 

0 

1 

4 

1 

12 

2 

8 

3 

0 

r>/8 



1 

12 

2 

0 

2 

8 

3 

0 

3 

8 

3/4 

1 

8 

2 

0 

2 

4 

3 

0 

3 

8 

4 

0 

1 1 

2 

0 

2 

8 

3 

4 

4 

0 

4 

12 

5 

8 

1 J/4 

2 

8 

3 

0 

3 

12 

4 

12 

6 

0 

6 

12 

1 1/2 

3 

8 

4 

0 

5 

0 

6 

0 

7 

8 

9 

0 

2 

4 

0 

r> 

0 

7 

0 

8 

0 

9 

0 

12 

0 

2 1/2 



6 

0 

8 

0 

14 

0 

17 

0 

22 

8 

3 

4 

12 

6 

4 

9 

0 







4 

5 

0 

8 

0 

10 

0 











1 







.... 








With lead-lined iron pipe the connections are made as shown in Fig. 
94 to prevent the solution from coming in contact with the iron. 

Open conduits, lined with lead, arc largely used to convey solutions, 
but these give moie or less trouble and are difficult to repair. 

Ordinary stoneware i)ipe.s may be tised for solutions not under 
]>r(‘ssure; modifuuition is recpiircd to withstand either the pressure out- 
ward, or the suction inward. When stoneware pipes are required to 



Fig. 9 “Method of making joixits with lead lined iron pipe. 

work under |>reHsure, the lengths are usually flanged and the faces of the 
ground to make a tight fit. The flanges are then bolted together 
with a yoke, as shown in Fig. 95 for square flanges, and Fig. 96 for conical 
flanges. Buch I)ii>ing, if properly installed, is practically indestructible. 
Tine iron should be well painted with acid-proof paint, to prevent any 
possible attack of tlm copper solution on the iron from the outside. 

Regulating the Flow of Solution. — This, for lead pipe, is readily 
accomplished by inserting a short piece of pure rubber hose between two 
ends of the lead pipe line, and using a hose clamp, as shown in Fig. 97 by 
which the solution may be regulated as desired or shut off entirely. 
If stoneware pipe is used, stoneware faucets may be inserted anywhere 
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Fig. 95. — ^Method of joining stoneware pipe with square flanges. 



Fig. 96. — Method of joining stoneware pipe with conical flange. 



Fig. 97. — Iron clamp for regulating the flow of solution through rubber hose, for size 
varying from 1 1/2 to 3 inches. 
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in the line as desired. In such cases it is best to use the block faucets as 
sliown in Fig. 98 and the nietliod of connecting as shown in Fig. 99 whereby= 
the fau(‘et is firmly ])olted between two lengths of flanged stoneware 
})i])c. Botli stoneware and vulcanized rubber faucets are regularly 
made for regulating tln^ flow of corrosive solutions. 



Fid. 1)S.— stoneware hhx^k Fid. 99. — Method of connecting stoneware pipe 

faucet.. with st.onewarc block faucet. 



lAjad 'Lining 


Fni. UK). Fuj. XOl. 

Fidrt. 100 and 101. (tuuiiictiouH with lead lined iron tank. Fig. 100 shows connec- 
tion for brass valve. Fig. 101, connection for hose clamj). 

Fig. 100 shows connection with Icaddincd iron tank and brass valve for 
regulating the flow of solution. This method is applicable to solutions 
not mxiaHalingly corrosive, and the brass Valves are not readily attacked. 
Undcu* such circumstanen^s it is more satisfactory to occasionally replace 
the valve than to usc^ other methods of regulating the flow. Fig. 101 
shows connection Ix^twecn lead-lined iron tank and hose and clamp for 
regulating the flow of solution. In both Figs. 100 and 101 the ends are 
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arranged for hose connections, by using an ordinary malleable iron pipe 
coupling. This is done by lining the nipples attached to the coupling 
with lead, and inserting a rubber gasket between the lead ends of the two 
nipples, thus preventing leakage and preventing the solution from coming 
in contact with the iron, or threads of the coupling. 

Elevating Solutions. — In elevating solutions ordinary pumps cannot 
be employed. Solutions may be elevated either by 

1. Montcjus tanks 

2. Air lifts 

3. Stoneware pumps 

4. Rubber pumps. 

Montejus Tanks. — These are usually made of thick sheet steel, lined 
with lead. Externally they have the general appearance of a steam 
boiler. Their capacity varies somewhat with the size of the plant. A 
Montejus holding 5 to 6 tons of solution might be considered about the 
average size and one which is very convenient. They should be abun- 
dantly strong to withstand the pressure necessary to elevate the solution 
to the height desired. Usually the sheet steel is 3/8 in. thick for the 
cylinder and 1/2 in. for the ends. The tank should be made with butt 
joints and countersunk rivets, so as to have the interior perfectly smooth 
for the lead lining. Both ends should be removable. Frequently 
they are made with one end fixed; this is a mistake, since it makes 
repairs and replacing of lead ends very difficult. The lead lining should 
not weigh less than 12 or 14 lb. per square foot, and be frequently bolted 
to the steel shell. Fig. 102 shows a section of the usual design of a lead- 
lined Montejus for elevating solutions unaffected by lead. 

To elevate solutions with a Montejus, the compressed air valve 1, 
is supposed to be closed and the exhaust valve 2 open. Pinch clamp 
4 in the lead pipe lino leading to the elevated solution tank is closed if 
there are more than one Montejus connected with the solution line. 
If there is only one it may always remain open. Pinch clamp 3 in the 
lead pipe line leading to the supply tank is then opened and the solution 
flowed in until the Montejus is full. As the tank fills the air escapes 
through the exhaust l)ipe, which on account of the likelihood of solution 
being forced up through it, is returned to the supply tank. There is no 
danger of getting too much solution in the Montejus, for even if it enters 
the exhaust pipe or solution line, no harm will result excepting perhaps 
corrosion of the metal exhaust valve. When the Montejus is full, 
clamp 3 in the line leading to the supply t^nk is closed; clamp 4 is opened 
and the exhaust valve 2 is closed. The compressed air is then turned on 
slowly until equilibrium is established, when the valve may be opened 
wide. The pressure of the air on the surface of the liquid forces it 
through the end hole in the pipe in the bottom of the Montejus, into the 
line leading to the elevated tank to which the solution is being lifted. 
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When the Montejus is almost empty there is a peculiar sound of air 
escaping with the solution. The compressed air valve is then closed. 
The expansion of the air in the Montejus is sufficient to elevate the 
small remaining quantity of solution. The exhaust valve is then again 
opened, but most of the air will have escaped through the solution pipe. 
This operation is repeated until the desired quantity of solution is elevated. 



Fig. 103. — Detail, Montejus lead lined tank. End construction. 

The ends of the Montejus are usually its weakest parts. If the 
solution is to be elevated to a considerable height, the ends are likely to 
develop a weakness, unless very substantially built. The best way to 
build them is to reinforce the ends with a heavy cast-iron ring as shown 
in detail section,Fig. 103. The cast-iron ring is riveted to the sheet steel 
end with countersunk rivets on the inside. The entire end is then bolted 
to the circumference of the steel shell, and is removable with but little 
trouble. 

Fig- 104 shows a detail section of method of bolting the lead lining 
to the steel shell; Fig. 105 a detail section of the solution pipe connection 
at 6, and Fig. 106 a detail section ofithe pipe connections with the shell 
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1' ic. 101. — Detail of Montcjus load lined tank construction. Showing method of bolt- 

ing lead lining to steel shell. 



connection at top. 


r^iul I»lpe 



Fig. lOCL— Detail of Montcjus load lined tank construction. Showing solution pipe 

connection at bottom. 
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at 8. The object of bolting the pipe to the shell at 8 is to prevent vibra- 
tion of the end and thus prevent its early -destruction. Sometimes the 
lead pipeSj instead of being bolted to the shell are burned to the lead 
lining, but this is an inferior way of doing it. 

The objection to this type of Montejus is that it is not automatic, as 
ordinarily built. It takes about 5 minutes to fill a Montejus of 5 or 6 



tons capacity, and about 5 minutes to empty it through a 5-in. pipe, 
under the average conditions. The time will of course vary with the 
height of solution at which it flows into the Montejus and the air pressure 
used in forcing it out. 

Automatic Montejus apparatus is made in stoneware for lifting solu- 
tions which act on lead. These are built to withstand a pressure of 
from 60 to 75 lb., and have capacities ranging as high as 225 cu. ft., per 
hour. 
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Air Lifts. — One of the best ways of elevating corrosive solutions by 
compressed air is by the air lift system. It is especially applicable to 
unfiltered solutions, containing grit, that might have an injurious effect 
on either metal, stoneware, or rubber pumps. The apparatus is simple, 
cheaply installed, and entirely automatic. Fig. 107 shows the usual 
arrangement of the air lift for corrosive solutions. If lead is unaf- 
fected by the solution, the entire apparatus may be made of lead. If 
lead is unsuited, stoneware may be used. 

The compressed air line, above the level of the standing solution, 
may be made of the ordinary iron pipe, with the ordinary brass valves 
to regulate the flow of air. The proper proportion of the air pipe to the 
solution is about 1 to 3. The following sizes of air and corresponding 
solution pipes will be found to give satisfactory results. 


Am Lift 


pipe, in. 

Solution pipe, in. 

3/2 

1 to 1/2 

:v4 

2 to 2 1/2 

1 

3 to 3 1/2 

1 1/2 

4 

1 3/4 

5 

2 

6 


To get the best results, the standing level of the solution in the pipe 
should (upial tlm ludght to which it is to be lifted, from the same level, 
(lood results havci ol)tained in whi(di the standing level of the solution is 
two-thrids tiuit of the lift. If, for example, the solution is to be elevated 
30 ft. the Ixist results are obtained when the standing level of the liquid is 
30 ft. above the air inlet, although good results may be obtained with the 
solution h^vel at only 20 ft. The amount of air required to lift the liquid 
vari(*B considerably with the installation. Iloughly speaking, it might 
be said that 1 cu. ft. of air will raise 8 lb. (1 gallon) of liquid, although in 
well designed lifts it may ehwatc as much as 10 and 12 lb. 

The principal on which the air lift works is that of the buoyancy of 
eompresscKl air, whicli also forms a partial vacuum very similar to the 
suction in an ordinary pump. The propelling force in an air lift is due 
to the diffcnenee in specific gravity l)otw(Km the air and liquid. Taking 
the weiglit of the liciuid, for example, as the same as that of water, or as 1, 
the specific gravity of air is 0.0012. Compressed air, on account of its 
elasticity, when lilierated under water is very buoyant, and as it expands, 
forms large bubbles, which act more or less like pistons, and force the 
licpiid upward. The bulibles as they ascend, on account of the removal 
of the weight of liquid above them, expand, until finally they issue at 
almost atmospheric pressure. It would be seen that the liquid which is 
removed by the air, lessens the weight in the lift pipe, which in turn 
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causes the solution to flow in at the bottom because of the greater weight 
of solution in the supply pipe. 

The arrangement for introducing the air into the solution line is 
practically immaterial. It ma}^ enter from the side or at the center 
with equally good results. 

In operation, air lifts are entirely autt>matie, and large volumes of 
solution may be handled cheaply for moderate heights. J.K. Roth well 
gives the working of an air lift with which 90 tons of solution was raised 
18 ft. in three hours, by using a 4-iii. pipe witli a 1.5-in. air inlet, and 
using the air at 15 lb. pressure. 

If the location of the mill is such as to make it veiy (‘xpemsive to get 
the necessary fall, the solution may be raised in two or inon^ stages, by 
using the first to get the nececssary height of solution for ( lu^ second. If, 
for example, it is desired to raise the solution 30 ft. and a dro|> of only 
10 ft. is available, then by first raising the solution 1 0 ft. which wit h th(‘ drop 
gives 20 ft., which height may then be used to raise it i li(‘ (l(^sir{al 30 ft. 
In such cases the cost of installation will be cluaqxa* than wIhui a single 
stage of lifting is employed, but the expense of o])t‘rafing will ])(‘ more. 
In sinking a shaft in the ground for the itapiiiaal <l(‘pth of solution, it 
is well to make it large enough for a man to entm*, and peunnit of insj)(‘(^- 
tion at all times. 

In working air lifts, storage tanks, to e(pializ(‘ the flow <4 solution, 
arc not necessary. If the air is once ])ro])erIy rc'gulnt^nl, wlnn t in* solu- 
tion is flowing into the lift it will be (fl<‘vat(al; if t !ier(‘ is non(‘ flowiiig, a 
small loss of energy, due to wasted air, is th(‘ only harmful n^sult. 

In a well-designed air lift the combiiaul (dii(d{mcv lht‘ compnnssor 
and lift should be alxmt 70 per cent., and in casc's wlic‘r(‘ a, comparat ivdy 
small amount of licjuid is being rais(‘d continuously the* (‘f!ici(*ncy of 
compressor and lift should l>e 30 to 50 pea* {*(‘nt. 

In a well-designed lift the nozzle should conu(H‘t(*d (lin‘(*tly to the 
compressor in order to use air compressed to tint minimum pn‘SHure 
required. The lift should not be u.sed at m<n*(* t han om^-half of its maxi- 
mum capacity. The size of the nozzd shcmld lx* sufliei{‘nt to kc‘ep the 
air entry head small. 

Stoneware Pumps. — Stoneware pluug<*r pumps may lx* usc*d for ele- 
vating solutions, in which all the parts (mining in (‘ontaet with tlm corro- 
sive solutions is made of stoneware, bolted tog(‘t,lH'r and str(*ngt.hened 
with iron. The supporting frame, })ulh‘ys, and shaft ing, an* all of iron. 
These pumps are either horizontal or vertical, with single or doul)l(^ 
cylinders. Fig. 108 shows a verticuil double* cylinder punq). These 
pumps are made in various sizes, to handle from 50 to 700 cu. ft. of licpiid 
per hour. 

^Min. Ind., Vol. IX, page 368. 
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Centrifugal pumps, made entirely of stoneware, are also made, and 
may be used for delivering large volumes of solution to moderate heights. 

Rubber Pumps. — These pumps, Fig. 109, like those made of stoneware, 
are unaffected by coi)per solutions. All parts of the pumps which come 
in contact with the corrosive liquid, arc made of hard rubber; these are 
held l)y, and mountcal on, iron parts, which take all the strain other 
than int(^rnal pr(‘ssure due to head of discharge. These pumps are 
made for eitln'r st(‘am, motor, or belt drive, and in sizes of 2 1/2-in. 
cylinder with 4-in. stroke, up to G in. cylinder with 10-in. stroke. 



H)8. Hii^nowuro double c-ylindcr pump. 


Pressure Tanks.— '“These are used in connection witli the Bottling and 
dcuuinting of Holutions, tint slimes of wlucdi are reca)y(U’ed for their valual)le 
nuttal contemi , or filtered for iludr Bolublc metal values. If copper ores 
contain preeious nuTals wliich may be separately precipitated either 
witli hydrogtm sulphide or sodium sulphide, tlic prccioxis metal values 
accumulate until it in desired to clean up, when the slimes are swept 
into the prcHsure tank and forced to the filter presses. If the copper 
BolutioriB are settled before precipitating, the alimes may bo similarly 
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treated and washed. These slimes may contain lead sulphate, as a 
valuable by-product, in the operation of thc! I.onginaid-IIenderson 
process. 

Fig. 110 shows the usual arrangement of a pressuix; tank installation. 
The solution is flowed into the tanks where it is .scdthsl or pnaapitated. 
In either case it is not nece.s.sary to pass all the solution through the 
pressure tank; but the settled solution is passed througli the decanting 
pipes directly into the decanting press, and this is continued until 
sufficient slime or precipitate has colh'cted to make tlu^ chum-up desirable 
or necessary. If allowed to accumulate too long, some of the .slimes may 
pass over the collar in the bottom of thc tank leading to thc decanting 



Fig, 109.— liubber pump {aimm driven). 


line and tlins prematurely clog the diamnting prenn. If demrcH], m fre- 
quently happeuH, the solution may be ch^’antiHl tlirough the pn^sstire 
tank. After sufficient slime or precipitatt^ has ac<nirnnlat<Hly the outlet 
in the bottom of thc tank is opentHl and thf^ pna'ipitate or slime is swept 
into the pressure tank, which at the same linn^ is allowial to flow through 
the clean-up press. When the presHure tank is full ami live pnnss has 
become clogged or slow in filtering, the solution inlet and air exhaust 
pipes are closed, and the comprcHsed air turmal enu This forca^s the 
slimes into the press and filters them. Water is then introduced into 
the pressure tank and forced through the press until the slime has been 
sufficiently washed. The press is then opened and the filter cake 
removed. 

The pressure tank is usually made of 3/8-in. steel sheet, with 1/2-in. 
dished head and bottom. The entire steel shell is then lined with 8-lb. 
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Fio. 110. — Pressure tank installation for handling corrosive solutions. 
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lead.- All the pipes and connections are usually made of lead with all 
joints and connections burned. 

Ore Agitation and Filtration. — ^It is generally conceded that during 
the solvent treatment of the ore, agitation gives more satisfactory results 
than percolation. The cost is usually greater. Some ores, like roasted 
pyritic cinders, or quartzite or sandstone carbonates, leach so well that it 
may be a question if agitation presents any advantages. Other ores can- 
not be conveniently percolated under any conditions, but all ores, if prop- 
erly ground, can be agitated. Agitation is more expensive than per- 
colation, and this applies with greater force to acid than to alkaline 
solutions, and more pertinently to copper solutions than to solvents 
ordinarily used in the hydrometallurgical processes for the extraction of 
gold and silver. The greatest difficuly in agitation, comes in subse- 
quently clarifying the solutions preparatory to precipitation. If the ore is 
percolated, the solution issues from the leaching vat perfectly clear and is 
ready for precipitation without further clarification. Acid solutions 
d6 not filter or settle as well as alkaline solutions, and this is true no 
matter what the particular method of ore treatment may be, or the char- 
acter of the ore. 

^ If the ore is agitated, the greatest difficulty is encountered in filtra- 
tion or decantation. In the cyanide process for the extraction of gold 
ahd silver from its ores, this problem has been successfully solved by 
many of the pressure or suction filters; but with acid solutions these 
filters would have to be radically modified to adapt them to copper proc- 
esses. The problem is not an easy one, for while asbestos cloth would 
stand the action of copper solutions satisfactorily, the construction of 
the filter frames, pipes, and connections, of a material that will be strong 
enough and that will not be rapidly corroded, presents serious difficul- 
ties. It is certain than none of the filters at present used in the cyanide 
process are applicable to acid copper processes without considerable 
modification. 

However, the problem of clarifying corrosive acid solutions is not at 
all insurmountable, or even serious. This is practically evidenced by 
the chlorination treatment of from 800 to 1000 tons of Cripple Creek 
ore daily, in which all the solutions are clarified by settling and decan- 
tation, so that the impurities are not enough to prevent the convenient 
melting down of the gold precipitate in graphite pots. For the present, 
at least, the most feasible method of clarifying solutions resulting from 
the treatment of copper ore by agitation, is by settling and decantation. 
This may be done either in the agitation apparatus or in special settling 
tanks; the best scheme would probably be a combination of the two, in 
which the solution is partially settled in the agitator, to make washing 
more effective, and then settling the solution in large tanks where it 
will have ample time for thorough clarification. The clear solution may 
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then be decanted, and the slimes allowed to accnmnlate until it is desired 
to clean the settling tank. 

The wash waters, in any case, will not be as difficult to filter as the 
concentrated copper solution, sp that filtration of the wash waters may 
take place quite readily through sand filters, or in some form of pressure 
or suction filter. 

If the ore is treated by agitation, stir tanks may be conveniently 
used, as for example, those used by Ottokar Hofmann, in the treatment of 
copper-lead matte, shown in Fig. 77, page 437. Air agitators, some- 
what similar to Pachuca tanks may also be conveniently used, but with 
modifications to adapt them to the treatment of corrosive solutions. 



Fig. 111. — ^Filter press with wood plates and frames. 

Filter Presses for Filtering Acid Copper Solutions. — ^In filtering acid 
copper solutions, wooden plates and frames are used instead of iron; 
otherwise the presses are essentially the same as any other press using 
iron plates and frames. The working admissible pressure, however, is 
considerably less, varying from 20 lb. per square inch for 18-in. plates 
to 6 lb. per square inch for 36-in. plates. The thickness of the cake will 
vary from 1 in. in the smaller sizes to 1 1/2 in. in the larger sizes. In 
the smaller presses there are usually 25 plates and 26 frames, while in 
the larger presses there are usually 40 plates and 41 frames. The fil- 
tering area will vary from 40 sq. ft. in the smaller sizes to 450 sq. ft. in 
the larger sizes. Fig. Ill shows a filter press with wooden plates and 
frames. Fig. 112 shows in detail a square wood plate and a square wood 
frame. For sulphate solutions lead plates and frames may be used, and 
the presses may be lead lined. 
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Construction of Floors. — ^The entire leaching and precipitating plant 
of a wet copper installation should be well cemented and covered with 
a substantial layer of asphalt. Copper solutions are more difficult to 
contain than water or cyanide solutions, and it is better to make pro- 
vision to catch all possible leakage than to de])end on not having any. 
Both the leaching and precipitating rooms should drain to a sump from 
which the solution can readily be pumped into the circuit. Copper 
solutions rarely freeze, so that there is not the same troul)le with leakage 
on that account, as with other solvents. 



CHAPTER XX 


POWER DATA 

The (‘ost of power, especially for electrolytic processes, is a funda- 
niental fa(‘tor in (let(‘rniining the cost of the copper extracted. The 
amount of (‘o|)p(‘r d(‘])osit(Hl (dectrolytically, is more or less proportional 
to the power constimed, and hence, the cost of power not only deter- 
mines largely tho, (*ost of the co])per, but also to a very large extent tlie 
most economical (Uirnmt d(msit,y to l)e employed. 

Ther(‘ will usually b(^ three nudhods available for generating power: 

1. Hteam, 

2. Producer gas, 

3. Wat(U’ i>()W(‘r, ac(‘ompanied, usually, by electrical transmission. 

Electrolytic^ ])recipit,ation off(U*s idcail power conditions because the 

power consumcHl is uniform and in (constant use for 24 hours in the day. 
With eandtil installation the load fac.tor from the dynamo terminals may 
be ai)proximat(dy tnaintained at 100 i)er (amt., and tlic variations ne(‘d 
not exc(H‘(i mon^ than 1 or 2 p(‘r (umt. or perhaps 5 per cent, in the most 
extreme cases. Idiis variation would only be tem])orary, as the elocttro- 
lyzem an^ eui out su(*(!(‘HHively for rcunoving the copper or for repairs. 
A set of one or two (d(‘ctrolyz(‘rH will usually 1)0 at hand to take the placu^ 
of those tmnporarily cut out of the circuit, so that any variation of the 
load will very small and only momentarily. 

In c*l(‘ctrodep(miiion of copper, water-power, if available, prosents 
more than ordinary advant.ageH as compared with most industrial enter- 
prises. Out.sidt^ of iln^ (^xpemse for atteudence, the cost for producing 
water-powc^r for 24 hours in a day is not appr(aual)ly more than for H 
hours; wlnu-ttas, if tlu^ power is gemerated with fuel, the cost for fuel for 24 
hours, as approx iniatcdy three times that for 8 hours. 

Copper dei>oHitH are usually located in moimtainous districts where 
fuel is cxpen«iv(% !.>ut where, fortunately, water-power is frequently 
available. 

Next to water-power, producer gas presents evident advantages. 
With an ordinarily good installation, 1 h. p.-hour can be developed with 
1.5 lb. of good coal with producer gas, whereas from 3 to 4 lb. are re- 
quired for steam under the same conditions. With cheap coal the 
advantages of producer gas over steam installations may not be so great, 
but with the price of coal ranging from $5.00 to $10.00 per ton, it may be 
a controlling factor. 
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Comparison of Steam- and Water-power Plants.— Tlie following table 
by Dr. Cary T. Hutchison^ gives the cost of energy with steam-power and 
water-power, in cents per kilowatt-hour, for steam- and water-power 
plants, a medium head hydro-electric generating and transmission plant 
being assumed in the latter case. These values are based on the as- 
sumption of a fixed annual charge of S13.00 per kilowatt plus an output 
charge of 0.5 cent per kilowatt-hour for the steam plant, and a fixed 
charge of $20.00 per kilowatt of demand on the water-power plant. As 
shown, at a high value of load factor, the hydro-electric plants can 
show a much larger profit tiian the stream plants, while the profits de- 
crease as the load factor becomes less. 

In the last column of the table is shown the price at various load 
factors, at which energy from the hydro-electric plant must be sold in 
order to produce a profit of () per (amt. on the investment. 


COST AND SELLINCJ lAllCK OF ENKIIGY ?ER K. W.-HOUIi AT VARIOUS 

LOAD FACTORS 


('ost of k. w.-hour in 


r cent, load 1 

factor , 

1 

Steam -plant 

Watc^r-plant 

S(‘lling prl(‘(‘ 
\vat(.‘r“po\v(*r 

15 j 


1.52 

2.44 

25 I 

1.12 

0.01 

1.46 

35 

().1»7 

0.69 

1.10 

40 ! 

0 . «<) 

0.57 

0.02 

50 1 

O.Kl 

1 0.46 

0.73 

60 ; 

i 0.70 

) 0.38 

0.61 

75 ' 

0.71 

0.31 

0.49 


The above figures, while apparently high, are muloubtedly correct 
for the average hydro-electric powem and transmission plant. Under 
special conditions where the hydraulic dcwtdopnumt is easy and no 
transmission line is required, they could be materially reduced. 

Water-power can frequently be acquired and cheaply developed in 
the western part of North and So\ith America, within transmitablc 
distance from copper deposits. Under ordinarily favorable conditions 
such power should be generated at a cost of not exceeding $25.00 per 
kilowatt-year. Under extremely favorable conditions water-power 
may be developed very cheaply, as for instance in Norway, wdiere it is 
produced at a cost of as low as $5.00 per horse-power-year. The Braden 

^American Inst. Electrical Engineers, Dec. 16, 1009. 
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Copper Co. ill Chile, Iuls a plant of 1000 h. p. on the ground, to operate 
uiidc'r a JOOO-ft. head. Tiie cost for power during the first 12 
months of oi>(‘ra,tion was less than $2.00 per horse-power-year, without 
figuring intenvst and depreciation. There were practically no repairs 
of any kind, and two Chileans attended the water wheels and dynamos. 

Cost of Water-power in the Western United States. — Norman Rcad^ 
estimates that with an average installation in the West, the cost of a 
hydrO"(‘Ieetric |>]iint of 1000 kilowatt capacity will be $150.00 per kilo- 
watt. This will inelud(‘ head works, pipe line, machinery, building and 
a sliort transmission line. 

IhiscMl on this (‘ost, of $150,000 the annual fixed charges and ojDcrating 
exp(‘nsi‘s will Ixi as follows: 


Fixt'd Charfjt'K: 


hit (‘rest, i) p(‘r c(*nt. on ShOO, ()()(), 


$9, ()()() 

''Faxes, (‘te., 1/2 p(T cent., 


750 

Averuf^i* <lepn*ciatiou and ohsolescence, 2 

.8 p(;r (;( 

;nt., 5,700 

$15,450 

ittiftN (iftd tuuirr: 

( ){>erator.s, .salarie.s, 


$4,200 

t )il, \vast<‘ and supplit's, 


2, ()()() 

( ‘<mt ingiau'ics, 


500 

SO, 700 

'I'otal annual cohIh, 


$22,150 


Basing tin* out {nit. on a 24-hour load, 80 pco' cent, load factor, the 
annual out|>ui will la* 7,00H,O0(). k. w-hours, which giv(*s a tot.al cost of 
slightly ovc*r 0.3 cemi per kilowatt-hour, or aliout $2(>.0() pen' kilowatt- 
year. 

Hupimsing, liow(*vc‘r, that in the ytnir^H o|)eration, the ae.tual output of 
the |)!ant. is only 5t) per (anii. of its total capacity; in other words it has 
only a 50 |H*r eanit. load factor, tiuni the annual output will 1)0 4,380,000 
kilowatt-hours. The* fixeal c*harg(‘S will remain the same, but it is {yrol)- 
abie t hat t in* op(‘ration costs will bc^ realuceal to $5500, making a total of 
$20,050, or slightly o\n*r 0.47 of a cenit pen* kilowatt-hour. 

In tin* Hast, $I5JI0 per kilowatt-year at tlu^ (‘lectroly/.er tenminalB 
may in* considered a fair aven-age* pric^^ for cheap water-|)ower. Tluj 
H(‘lling firice* of power at Niagara Halls vari(*s from ScS.OO |)er horse-power- 
y(*ar for those buying only tin; water rights and putting in their own ma- 
f‘hinery, to $20.00 and S25.00 per h<)rH(;-power-year for those buying the 
working (‘urremi, ada|)i(*d for their jiarticular use. In BulTalo the cost 
of Niagara Falls Ikiwm* in lots of 500 h. p. or over, is $27.50 per horse- 

^ Private ceaiuimnicatiun frnm Mr. Head, ICng., Hug Water Wheel Co, 
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power-year, which converted to direct-current at 87 per cent, efficiency, 
equals $31.60. 

The cost of installing water-power under favorable conditions, as 
for example in Norway, Sweden, or the western slope of the Andes, is 
illustrated by the following installations in Norway and Sweden. 


COST OF WATEK-POWER DEVELOPMENT IN NORWAY AND SWEDEN 



Turbine 

horse-power 

Feet 

head 

Cost per electric 
horse-power 

Joesefors, Sweden 

1,800 

26 

S70.00 

Frykfors, Sweden ; 

4,000 

27 

64.00 

Yngeresdsfors, Sweden 

8,250 ; 

60 

38.00 

Vamafos, Norway 

75,000 

86 

26.00 

Tya, Norway 

73,000 

3,290 

36.00 


Comparison of Steam and Producer Plants. — William O. Webber^ 
gives the following costs of steam and producer gas installations, per 
horse-power. In this table the cowst of the land, the buildings and 
the generator have been excluded, but all the auxiliaries togcither with 
the cost of foundations, setting, piping, cartage, freight and all other 
items which go to make up the initial cost of a complete plant have 
been included. 


Horse-power 
of plant 

Cost of steam- 
plant 

Co«t of ga« produ 

Belted 

cer— Vertical gas engine plant 

Direct conected 

34 

SlOO 

$132 

$150 

60 

90 

99 

112 

100 

85 

76 

88 

140 

80 

69 1 

76 

190 

75 

I (58 1 

73 

280 

70 

68 ! 

76 

380 

65 

68 ! 

73 

420 

63 

69 

75 

500 

62 


84^ 

620 

60 


86®’ 

1,000 

05 

j 

90® 


Horizontal. 


‘ The Iron Age^ March 16, 1911. 
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With reference to the comparative weights per horse-power of gas 


and steam engines, the following figures may prove of interest. 


Horse-power 

Pounds per horse-power 




Vertical gas engines 

Direct-connected Corliss steam engines 

60 

240 lb. 

148 lb. 

140 

275 

143 

190 

280 

140 

300 

290 

140 

5om 

300 

250 

750 

300 

213 

1,000 

340 

213 

1,200 

350 

215 

1,500 

375 

219 

2,000 

400 

210 

2,500 

400 

250 

3,985 

400 

270 


^ Horizontal. 


Wehlxn* also gives the following cost of operation, expressed in 
dollars pc^r liorse-power-year, assuming fuel and labor to bo the same 
for both types of plants; that is, coal at $5. GO a ton, whether used in 
steam boiler or in gas producer, and labor varying as given below. 
Fixed charges are also included in this table. The costs arc given for 
10 and for 24 hours operation per day. 


COST OF POWER PER HORSE-POWER PEE ANNUM 



X^ibor 

Strain <mgino«i 

(Ja«-prc)ducor ga» engines 

Ilt^rKi-power 












ID hr. 

10 hr. 

24 hr. 1 

I 

10 hr. 

24 hr. 

20 

$30. (K) 

$146. (K) 

$202. (K) 

$75.00 

$150.00 

40 

20. (K) 

120.00 

240.00 

42.00 

84.00 

eo 

15.CX) 

105. (K) 

210. (X) 

38.65 

77.30 

so 

12.00 

05.00 

100.00 

35.00 

70.00 

100 

12.00 

S6.40 

172.80 

30.00 

60.00 

200 

10.00 

77.10 

154.20 

27.00 

54.00 

300 

S.60 

69.22 

138.44 

25.00 

50.00 

400 

7.25 

61.00 

123.80 

i 24.50 

49.00 

500 

6.20 

55.20 

110.58 

24,00 

48.00 

600 

5.40 

40.28 

08.56 

23.50 

47.00 

700 

4.70 

43.79 

87.58 

23.00 

46.00 

SOO 

4.15 

30.73 

79.46 

1 22,50 

45.00 

000 

3.75 

34.05 

68.10 

1 22.00 

44.00 

1,000 

3.60 

29.80 

59.60 

21.50 

43.00 

1,500 

3.25 

25.77 

51.54 

18.75 

37.50 

2.000 

3.00 

21.76 

43.50 

17.25 

34.50 
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gas-producer gas engine plants operating 10 hours per day the coal con- 
sumption varies from 1 lb. in the largest sizes, to 2 1/2 lb. per horse-power per 
hour in the smaller sizes, while in steam-plants this figure will vary from 12 lb. 
in a small 20-h. p. plant to 7 lb. in a 100-h. p. plant, 5 lb. in a 500-h. p. plant, 
2 1/2 lb. in a 1000-h. p. plant, and 2 lb. in a 2000-h. p. plant, where strict account 
is kept of all coal used throughout the 24 hours, including the banking of fires 
during the night and standover losses in both cases. 

'^The water consumption is practically the same in amount per horse-power 
for either gas-or steam-plant, that is, on the smaller sizes of gas engines, 5 gallons 
per engine horse-power per hour for the jacket water to probably about 4 gallons 
on the larger sizes, besides which a similar amount must be used in the producer 
per horse-power for washing purposes. The steam-plant uses about 5 gallons of 
water per horse-power per hour for the simple plant down to 3 gallons per horse- 
power per hour on a condensing engine of 200 or 300 h. p. or over for the genera- 
tion of steam. In condensing plants, approximately 26 times the water used 
by the engine is required for the condenser.’’ 

Tesis made by the U, S. Geological Survey , with producer gas, 168 
in all, include 138 on bituminous coals, 9 on sub-bituminous coals, 10 on 
lignite, and 11 on miscellaneous fuel. The average consumption of 
fuel for a brake-horse-power-hour was 1.36 lb. of bituminous coal; 1.99 
lb. of lignite; the minimum consumption was 0.84 and 1.48 respectively. 
Comparative tests of 75 bituminous coals under a water tube boiler 
and in gas producer showed that the average fuel consumption per 
brake-horse-power in the steam-plant was 2.7 times that in the producer 
plant. Several low-grade lignites that were of little value or even worth- 
less, under the steam boiler, gave excellent results in the producer. 

There are a great many producer-gas power-plants in operation in 
the United States, ranging in size from 15 to 6000 h. p. About 88 per 
cent, of these are 'running on anthracite coal, a few on coke, and the re- 
mainder on bituminous coal and lignite. There has been considerable 
difficulty in applying the producer engines to the inferior qualities of 
coal, but these difficulties are being overcome, and plants are now in 
successful operation even on inferior quality of lignite. 

Producer-gas Plant using Western Lignite. — Lignite is quite generally 
distributed throughout the western part of the United States, and is 
quite common in many other countries. Its calorific value under a 
steam boiler is quite low; used in a gas producer its value is enormously 
enhanced. The Western Chemical Manufacturing Co., Denver, Colorado, 
for some years have been generating their power from western lignite 
with gratifying results. According to Lewis B. Skinner,^ Supt. of the 
Company, ^'The machines are practically continuous (demanding 24 
hours service, 365 days in the year) ; they are automatic, the ashes are 
removed and fires barred during running; they are economical of labor, 

^Western Chemist and Metallurgist^ Julj^ 1909. 
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< 11 , (• mail i>(>r sluft. fakuif,^ care of three 175 h. p. each; they are efficient 
test runs .shou iii”- a con.suinption of LG lb. of lignite of 9250 b. t. u. value 
per iirake-h<ir.-<c-po\vcr, uiul 1 1/4 lb. of bituminous coal of 11,500 b. t. u. 
value for average loud; good gas is produced running about 120 b. t. u. per 
cubic foot using low factors; the gas is practically tarless, containing from 
0.01 to 0.02 gr. pty cubic foot, of lamp black and tar.” 

The consumption of fuel in a gas engine running at its rated load 
when natural gas is used, is from 13 to 17 cu. ft. per b. h. p. per hour; 
with coal gas, 1.5 to 10 <'u. ft. p<‘r b. h. p. per hour, and with producer gas 
about 1 1/1 lb. <if coal per b. h. p. per hour. These are average good 
results; large engines show higher economy than smaller engines and 
hav(“ given 1 b. h. p. wit h a consumption of 1 lb. of coal per hour. 

'riu' cirndcncy of a stcam-iilant is largely decreasing at low load and 
overload, while tin* economy of a gas producer remains constant within 
wide limits. < las engin<>s show the greatest economy at full loads, while 
steam engines have it lielow this point. 

Cost of Power with Steam-plants.— Much depends on the installation. 
If the power is instulh-d in reasoiuihly largo units, as it would be in a 
Clipper extrai'tion jilant whcrii the metal is clcctrolytically deposited, 
only a compound condensing engine should he considered. 

Tlie following tables by Win. K Snow‘ give the essential data in 
refiu'ence to steam-power compound, condensing, power-plants, in sizes 
ranging from lOt) to 21)00 horse-power. 

Oil Engines. — It frequently happens, as in the arid regions of the 
I’liitcd Statc.s ami .Mexico, that lu'ither coal nor water-power are cheaply 
available, but I lial oil luin. be obtained at a price which is not prohibitive. 
If oil is used for power purposes, it is best to use it direct in internal com- 
bu.st ion engines, rat her than to fire the oil under a steam boiler. 

Internal eombustion engiiu's, using oil, are in use in large installations 
ill various pnrt.s of the worlil, and arc made in sizes ranging from 25 to 
•loot) li. ))., for stutionury purposes. Results of tests with the Diesel 
engine show t hat t he <-onsumption of fuel oil is as low as 0.4 lb. per horse- 
power-hour in the larger and 0.4(i lb. per horsc-power-hour in the 
smaller sizes, and tliese figures are maintained in practice under working 
I'omiitinns. With oil at $10.00 per ton, the fuel costs are 0.2 cent for the 
larger, ami 0.23 eeiif, for the smaller sizes, per horse-power-hour. This 
low co.st is not mat erially increased at light loads, as the efficiency of the 
Dii'.si'l (’iigine is (*xtremely well maintained at all loads. 

Ai the Dmuhvootl mine and mill in the Mogollon district. New 
Mexico, 12.5-h. p. I)e La Vergne, type F. H. oil engine has been in con- 
tinuous oj)(‘ration for 12 months.* It is operated at an altitude of 7000 
ft. A Prony V>rakc test made when the engine was first installed showed 

* Engmamng MagmitWt May, 1908. 

® Earl €. Cjlevelanci, E, and Af . J., April 6, 1912. 
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TABLE 7. YEARLY COST OF STEA-M PO'tt'ER, 308 DAYS OF 10 HOURS PER DAY, COMPOUND CONDENSING 
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a development of 125 h. p. and an oil consumption of 0.48 lb. perbrake- 
liorse-power-hour. 

At this place 110 h. p. is used for 12 hours and 50 h. p. for the rest of 
the day making 1920 h. p.~hours per day. This requires, taken from a 
yearns run, 860 lb. of fuel oil, or 0.45 lb. per horse-power-hour. Fuel oil 
from Kansas fields is used which costs at the railroad $1.72 per barrel of 
42 gallons, and at the mine, 90 miles from the railroad, $5.46 per barrel, 
13 cents per gallon, or 1.7 cents per pound. This figures out a cost of 
0.778 cents per horse-power-hour, or $68.1 per horse-power per year, 24 
hours^ service for 365 days. 

The gravity of the oil is 27° Bcaume and its heating value is 
19,000 b. t. u. One engineer on each shift looks after the entire plant. 

Progress, in the use of oil for power purposes, has also been made 
along the lines of first converting the oil into producer gas, and then using 
it in gas engines. 



CHAPTER XXI 
ECONOMIC CONSIDERATIONS 


Of the various hydromctallurgical methods used and suggested, the 
electrolytic processes appc^ar to offer the greatest ultimate advantage. 
Chemical itiethods have been used for many years, but they do not ade- 
({uatc^ly solve the })rol)lem. Nor have the electrolytic methods met with 
the su(u*(\ss that was liopcd for. There is this difference, however, that 
while th(i c,hemi(*al methods do not appear to be susceptible to much 
further improvenu^nt, the electrolytic methods are at least theoretically 
ad(Hiuatc^, and no ])r<)cess whicdi is not theor.etically adequate, can ever 
hope to achi(nm plnoiomenal commercial success. 

In th(^ e.xtraction of c<q)}>er from a suitable ore, by means of sulphuric 
acid as ^Jl(^ solviuit and iron as the precipitant, there is no chemical nor 
mcu'.hanittal diffictulty. Tlie process is energetic and the results are 
posiiivti. Th{^ cost of carrying out the process in copper-mining districts 
is proliildtive, because neither sulphuric acid nor iron are cheaply 
available. 

On th{‘, (d.her hand, electrolytic methods in which the copper is pre- 
cipitat<‘d and the* solvcuit rc^generated by a eye, lie process, the commercial 
advantag(‘s arc^ ad(‘([uate, Imt the technical difficulties have been serious. 
That theH<^ diffic-ulti(^H will be ov(^rcome, no one well informed will deny. 
Many of tlu^ chTcn’ts in the earlier electrolytic processes have been sur- 
mounted and th(‘re is no reason why those still remaining should not 
siunmmb as thci fumlamental causes for the disturbances are better 
muhn^stood. Wlnm th(‘y have been ovcu'como, the electrolytic processes 
will 1)0 almost as important a factor in the metallurgy of copper as the 
cyanide au<l chlorination proc(\ss(‘s arc now in the metallurgy of gold and 
silver; no mixture of ores will l)o requircKl, ifistallations can be economic- 
ally made and cheaply op(u*ated at the mines in any xinit, and the product 
will bo the metal or metals salable direct to tlio consumer. It is practi- 
cally certain that with the proper working out of the electrolytic processes, 
pure electrolytic copper will be produced direct from the ore. This has 
already l>een accomplished on a commercial scale, and a general applica- 
tion of the electrolytic methods is reasonably within sight. 

Small copper mines, and large ones in their incipiency, are rarely, 
if ever, located directly on a railroad, where acid and iron are cheaply 
available. Theoretically, it takes 1.66 lb. of ordinary commercial 
sulphuric acid of 66® B. to dissolve 1 lb. of copper and 0.95 lb. of cast 
iron to precipitate it. This represents the smallest possible amount of 

^ m .nJ T ^ ^ Ta. .... ^ X la. X ^ ^ ^ 4*’I •rTr\ *n/*V A Tn 
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treating the most favorable ores the consumption of commercial sul- 
phuric acid is not likely to be less than 2 to 2.5 lb., per pound of copper 
extracted, and the consumption of scrap iron is not likely to be less than 
1.5 to 2 lb. per pound of copper precipitated. Sulphuric acid could not 
be delivered at a mine, under ordinary conditions, for less than $25.00 to 
$40.00 per ton, and it would not cost much less to manufacture it on the 
ground in the small amounts required, especially if the ore is all oxidized 
and sulphur or sulphide ore is not cheaply available. Sliipping acid is 
expensive, since it has to be handled in special containers, and these 
for wagon hauling are inconvenient. The containers, whether an iron 
tank on a railroad car, irom drums, or carboys, have to be returned empty 
at considerable expense, or paid for at considerable loss. Under the same 
conditions, iron at the plant will cost from $15.00 to $20.00 per ton, and 
the supply may be uncertain. Tin cans are not usually available; it 
takes a good many tin cans to make a ton of iron, and any local accumu- 
lation, either of tin cans or scrap iron, would soon be exhausted. 

It is safe to conclude, therefore, that und(‘r tlu^ ordinary (conditions 
of copper mining, the cost of acid and iron alone, per pound of copper, 
would be between 4 and 6 cents, even on ore well ada{)ted to the process. 
All the iron and acid, once used, is irrecovcuaibly lost. The cost of the 
acid and iron for a ton of copper, vahied at say $250.00 would at 5 
cents per pound of (;oj)per extract(Hl be $100. 00. This still leaves con- 
siderable margin if the other expenses are not too liigh. 

It is evident that if the cost of acid and iron could eliminated by 
a cyclic process, at the expense of cheap power and waste chunents con- 
tained in the ore, and liaving ehictrolytic copper as the end prodiud., 
the principal disturbing factor will luive IxMm removed- This is what is 
offered by electrolytic processes. 

Cost of Depositing Copper Electrolytically. — -Tlie following table 
gives the theoretical cost, per ton of (!opj)er, at the stated pricHi of power 
per kilowatt-year, figuring 3()() days opeu-ation of 24 hours, for a year. It 
is assumed that the solvent is rc^gcmerattMl, as the chopper is precipitated. 


THEORETICAL COST OF ELECTROLYTIC PRECIPITATION, PER TON OF 

COPPER 


Cost of power per 
kilowatt-year 

Cupric sulphate j 

j Cupric chloride 

i 

Cuprous chloride 

$10.00 i 

$1.08 

$1.10 

lo.O'i 

25. (X) 1 

2.70 

2.08 i 

1,57 

50.00 

5.40 

5.05 

3.14 

75.00 

8.10 

8.94 

i 4.71 

100.00 

10.80 

1 

11.10 

6.28 
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In practical opcaatioii, an energy efficiency of only about 50 per 
of the theoretical will ordinarily be realized, so that the cost of 
electrodeposition in practice, will be about double the above theoret- 
ical figures. Even under these conditions, $15.00 per ton of copper 
for ele(d.rolytic deposition and regeneration, would come well within 
the average limits. Under favorable conditions it would be less than 
$10.00 and might conceivably be as low as $2.00. 

It has been proved conclusively both by practice and numerous 
(ixperiments, tliat there is not the slightest difficulty in practice in 
depositing one j)ound of copper per kilowatt-hour, with the regeneration 
of the coml)ined acid. Under these conditions the cost of power for 
deposition and regeneration would be as follows: 

C08I^ DISPOSITION AND REGENERATION, PER TON OF COPPER, ON 
THE IbVSIS OF 1 LB. OF COPPER PER KILOWATT-HOUR 


Cost of p()\v(‘r pcT kilowatt-yc^ar 

Cost per ton of copper 

SI 0.00 

S2.31 

25.00 

5.80 

50.00 

11.34 

75.00 

17.34 

100.00 

22.68 


On oilua* hand, l)oth the theoretical and practical costs above 
giv(ui may b(^ grcuiily naluctul by taking into account the e. m. f. due 
to tlu^ anode naiciions. With low current densities this is largely 
nniliz<‘d, as in tlui HicnruMiH-IIaLskc and Iloepfner pi'ocesses, where the 
tluu)r<‘tical voltage is 1 (‘sh than 0.5 volt and the practical voltage is given 
as 0.8 volt. On this basis tlic cost of precipitation and regeneration 
would b(^ remarkably low as shown l)y the following table: 


COST OF DEPOSITION AND REGENERATION, PER TON OF COPPER 


! 

C<mt. of p(»w«ir 1 

SidOH^nH-HalMko i>roccH8 

Hocpfnor process 

pvr kilowatt" 





yoar 

Th«M)roticaI O.liO volt 

Actual 0.8 volt 

Theoretical 0 . 18 volt 

Actual 0.8 volt 

$10. 

1 $0.53 

$0.88 

$0.08 

$0.44 

25.00 

0.H3 

2.18 

0.20 

1.09 

50. tK) 

1.00 

4.34 

0.40 

2.17 

75.00 

2.70 

6.42 

0.00 

3.26 

100. (K) 

3.32 

8.70 

0.80 

4.35 


In these figures, 90 per cent, is allowed for the current efficiency 
for the actual working, and 100 per cent, for the theoretical, which is 
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taken as the voltage required for decomposition based on the molecular 
heats of combination. 

With processes in which the anode reactions are more positive than 
those in the Siemens-Halske and Hoepfner processes, as for example, 
those in which sulphur dioxide is used as a depolarizing agent, a still 
greater theoretical reduction is possible than the costs above given. 
Taking for example the electrolysis of copper sulphate solution with 
sulphur dioxide as a depolarizing agent, the sum total of the reactions 
may be expressed: 

CUSO4 + SO2 + 2H2O == Cu +2H2SO4 + 7300 calories, 
which amounts to 0.16 volt acting in the direction of the current or 
as a battery. In this case copper is theoretically deposited without the 
application of external power, the same as in the iron-copper or iron- 
coke couple. Tosizza ascertained that tlie transformation of the sul- 
phurous acid into sulphuric acid at the anode gives rise to an electromotive 
force which diminishes the necessary voltage and lowers it to 0.2 volt, 
and obtained a deposit of pure electrolytic copper directly from an 
impure solution, with a sufficient intensity, at an {d(‘ctromotive force of 
about 0.6 volt. Tlie conditions are somewhat similar when sulphur 
dioxide is used as a d(q)olarizer in the eh^ctrolysis of cuprous chloride. 

Such voltages would l)ring the cost of deposition down to a very 
small item of the total expense, but it is only w’ith low current densities 
tliat such results can be realized. Still, where power is expensive, 
it would certainly be advisable to work with low current densities at 
the sacrifice of other considerations. 

Comparison of Electrolytic Methods with the Iron Precipitation 
Process, Using Sulphuric Acid as the Solvent. — It may be assumed that 
the cost of acid in small installations is al)out $25.00 per ton, and the 
cost of iron $15.00 ptu’ ton, at the mine, and that it will take 2.5 lb. of 
acid to dissolve 1 lb. of copper from the ore and 1.75 11). of iron to 
precipitate it. Power may be assumed at $75.00 per kilowatt-year, 
and tlie rate of deposition 1 lb. of copper p(‘r kilowatt-hour. 

Cost of Aoid ani> Ikon, pee ton of Copper 
Acid, 5000 lb., at $25,00 per ton, $62.50 

Iron, 3500 lb., at $15.00 per ton, 26 . 25 


188.75 

Cost of Ei.kctkolytic Deposition, pee Ton of ('offer 
Power, $75.00 per kilowatt-year, $17.34 

Acid, credit; mmmmg a 90 per cent, anode efficiency there is regenerated 

1.5 tons of acid in the deposition of 1 ton of copper, valued at, 37.50 


Credit, $20.16 

The total difference, therefore, in favor of the electrolytic process, 
per ton of copper is 108.91 
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It is also assumed that the cost of operation is the same; while in 
the electrolytic pr()(!(‘ss some allowance must be made for disintegra- 
tion of anodes and (lia])hragms^ this is considered as compensation for the 
very imi>ure copixn* ol>taiMed with iron precipitation, and the greater 
expense for accumulation of copper and handling of iron after its delivery 
at the mine. 

From all of the a!)ove figures it will be seen that the electrolytic 
process(‘s ofltn* enormous economic possibilities, especially when it is 
consid(‘i*<‘d that the (‘ost, under favorable conditions, is not much greater 
than tiu^ naming of hlistc^r (X)p})er when the blister copper has to be 
n‘m(‘lt(nl and cast into anodes. 

In (‘l(X‘t rolytic^ installations the plant, when taken as a whole seems 
v(n’y larg(‘, l)ut. the cost of power is low when reduced to the basis of a 
pound or a ton of’ copper extracted. 

Economic Relation of Current Density and Voltage. — The economic 
n^Ialion of (uirnmt dcmsit y and voltage may be illustrated from the follow- 
ing r(\sults r(*(u)rd(‘d in (*l(M‘trolyzing a copper sulphate solution: 


OF CIIRHKNT DENSITY TO VOLTAGE 


Amjx'H'M i PotHulH of ooppcr jxir 

IH‘r Hquaro foot vijltiujo kilowatt-hour 


10 1.5 j 

1 .74 

20 j 2.2 i 

l.U» 

40 1 3.5 { 

0 . 7.5 

m f 5,0 1 

0.52 


CoHt of power, per too of copper. Power at 
$ 7r> . 00 per kilowatt-year 


$10.00 

14.50 

23.70 

33.33 


Frt>m tlH\Ht‘ n‘sult s it follows that while six times as much copper 
is dt‘|)oHii,(‘d in a givtni at (JO amj)cres per square foot as at 10, 

it tak(‘H thrtH‘ and one-t.hird tinuks the power, per pound of copper, to 
<h‘po.sit it. If ptnvcr is <*xp(msiv(‘, tlui lower current density would be 
preferabh*, but as the IxHJonujs clu^aper, it would doubtless l)e 

(xs)nomy to iiu'reasc^ the (uirnuit density, and reduce other factors in 
th(^ total ctKst of treatuHmt. 

Aside from t lie (‘hs^inflytic precipitation, and regeneration of the sol- 
vent, tlHU‘l(‘ctrolytic metho<ls are not essentially difTerent from chemical 
nu^tluKls, and on onks adapbsl to either, a purely chemical or electrolytic 
process, offers no more difficulty than is ordinarily met with in any of 
the solvent pro<’c‘HS(ks. 

It is evident that a procf^ss to bo operated on a large scale must have 
an cmergiitic solvent as tlici liasis. Many processeB, both chemical and 
ehuffrolytic, hav(» failed on account of the indifferent nature of the solvent 
used. This was the greatest difficulty with both the Hoepfner and 
Siemens-Halske processes, and a dijOBLculty which in those processes 
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would appear to be insurmountable. The anode and diaphragm difficulties 
that Hoepfner had have since been surmounted. A diaphragm working 
under the conditions of either the Siemens-1 1 alske or Hoepfner processes, 
where the ferric and ferrous sulpluites, and the (nipric^ and cuprous chlo- 
rides are separated by a diapliragm, is in no wise so ditiicult a problem 
as that encountered in tlie electrolysis of salt, where a diaphragm separates 
an acid anolyte from a highly caustic eathulyte; and tlie electrolysis of 
salt, under these conditions, is now carried on with enormous installa- 
tions in various parts of the United States and h^uropc in the manu- 
facture of caustic soda and chlorine compounds. 

Chemical Treatment of Sulphide Ores. — Winm economic conditions 
are favorable to the treatment of co])per sulphide ores, as for example 
the treatment of cupriferous pyritic cinder by the Longmaid-Ilenderson 
process in large industrial centers, the advantages of (‘i(Kd,rolytic over 
purely chemical methods, are not so marked. Under su(*h conditions 
sulphuric acid is cheaply available and iron can be bought at a low 
figure with a dependable supply. But if acid and iron are (cheaper under 
such conditions than in remote mining districts, power would also be 
cheaper, but the difference would not be so great. 

Sulphide ores are as amenable to wet methods as oxidized on^s, 
although the cost of treatment may be a little gnuiter, due t.o roasting. 
But roasting is not an evil without some comp<‘nHation. If tln^ roasting 
is carefully done, much of the copper may lie made solubli^ in water, and 
thus reduce the amount of acid required, or avoid its din‘ct |)urchase 
or manufacture. The sulphurous gasiss from thc^ roasting furnace's 
may be used to manufacture a(‘.id to treat oxidiztMl or(\s, or they may be 
used by a regenerative method and convertcMl into atdd without the 
installation of a costly acid plant. If a r('geum'ativ<‘ process is iisc^d, as 
for example those based on electrolysis or hydrogtui sulphide^ only about 
half the acid need be manufactured; or for thc^ sarnie output of a(dd about 
twice the amount of ore can be tn^ated. 

Sulphide ores, after roasting, will usually not (tonsunie as mmdi acid 
as similar oxidized ores, because many of thc^ injurious <d(‘nuuit,B are 
rendered harmless l>y roasting. The perciuifagi^ of extraction of the 
copper in roasted ores is not likely to be as high as in oxidiztsi or(\s. Low- 
grade sulphide ores are ordinarily amenable to coiiceiit.ration; if a n^ason- 
ably satisfactory recovery can be made in tliis way, it will usually be 
advisable to roughly concentrate the low-grades ore and tluui trcuit the 
low-grade concentrate by roasting and a solvcuit prc)(‘(^ss. Under such 
conditions, if a regenerative method is used, no acid ntM^d be provided, 
and no fouling of solutions need occur. The |)roceHs is simplificid and 
the cost of installation, for the same output will be comparatively small. 
It is always better to work with more or less concentrated solutions 
than with lean copper solutions; the regeneration in a regenerative 



F.CUNOM !C consider a tions 


489 


process will Ix^ the* sjini(‘, p(‘r pound of copper, but the consumption of 
p(‘r pound ol co])|)(‘r ext, meted, will be materially less. 

It will readily b{‘ s(m:‘u that if a sulphide ore is roasted so as to make 
about 50 per vvni. ol tlu^ c()})per soluble in water, the remainder of the 
copper may b(^ ext ra(‘t(‘d with the regenerated acid, and in this respect 
sulphides or(‘s prescuit advantages over oxidized ores in the wet treatment. 

Comparison of Wet Methods with Smelting. — Whh the exception of 
the out|>ut of t h(^ Lake Superior region, practically all the copper pro- 
duced at tlu^ ])n\s(‘nt tiim^ is snudted from its ores into matte. The 
mattt^ is {‘onveudod into I.)list(‘r co|)per, and the Idister copper is then 
elecirolyt hx'illy ndiiuMl to produce the marketable electrolytic copper. 
In most of t ln^ smalhu* ind(‘})(‘ndent smelting plants matte is the end 
product of th(‘ local med al lurgical tnuitnient. 

(Jo])|)er or(\s, as a rul(‘, are not self-fluxing, and many ores do not 
contain sulliedernt sulphur to ])roducc a suitable matte. Not infre- 
(juemt ly sulphid(m)r(\s an^ hauhxl several hundred miles to provide the 
sulphur mxx'ssary for mat te when smelting oxidized ores. 

l^'or smedling, uud(*r ordinary conditions, there may be required, in 
a<idit ion to t-liti on^ if t.ln^ on* is oxidizexl and silieious, coke, iron, limestone, 
and sulphur. (loke^ is randy available in close proximity to copper 
IniIH^s, and as on t ln^ averagci of 10 j)or cent, coke is required for blast 
furnaiu^ snndt ing, th(‘ it(‘m of fuel })ecomes exi)ensive unless the smedteu* 
is favoraldy hnuitcxl. Whihi coke is not nee,essary in r(5verl)eratory 
snudting, mon‘ fued is nxpunni than in blast furnace smelting, apjrroxi- 
mat ing .*i0 p(‘r c(mt.. of t In^ furnnc.e charge*. Iron and limestone, for fluxing 
pur|)os(‘S, art* fnx|ueutly found at no gnxit distance from (x>j>p(U' deposits, 
but tlu*s(‘ flux(\H an* \isually barreui of metal values, and if barren, act as a 
dilutant of the* on* and add (*xt.ra (UKpevnse to smelting. 

/\t. th(* smaller smclteu's, conv(‘rt(u*s are not usually installed to trans- 
form the (x)pp(u* matter into .blister copp(*r. Under siicli conditions, 
snadting is simply a iiudhod of conc(*ntration. ''i'he r(*Hulting matte*, 
containing from liO per ce*nt. to 50 peu* exuit. (X)|>per, has to l)e shipped to 
the* n*fining cf>mpani(‘H. The* euid pre)eiue‘,t of the smalle*!* mines anel 
Kmal!e*r Hme‘lting {’eunpauie*s is ne)t, the‘refe)re, a salable e‘,ommodity in the 
opeui mark<*t,. No mine* or smedtiug plant prexlucing (a)pper matte can, 
unde*!' Hue‘h condit ions, !h* (xmsieleu-exl an indeqHUidenit producer. 

Snie‘It,ing, while* g(*nerally eu)asiel(^reul a unive*rsal pre)C(ms, neverUie*- 
le*HS has its limifat if>ns, as we*!! as the^ wet nuddiods, and th<*HO limitations 
an* (Mtonomie! ami not ti*chiu<ud. That snudting is very far from being 
geiuu-ally a|>plicabl(^ is e*vielen(u*el by the fact that practieuilly all the* 
cop|)eir is ne>w pnK!ue*eHl in a cornparativedy f(*w centralized |)lant-B. 
Almost all at t(*mptB to profitably apply smelting on a small scale, or to 
highly silifdouH ore*s havet met with disastrous results. And there is no 
lack of ore for small smelting mstallations if it could be successfully 
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accomplished, as is further evidenced by the shipments of large quanti- 
ties of custom ores to the large centralized smelting plants. 

Any ore can be smelted, but it is not always advisable or profitable 
to do so. Any ore can be treated by a chemical process and with a high 
recovery of the copper and precious metals but, like smelting, economic 
considerations are the guiding factors. The whole thing resolves itself 
down to a matter of cost per ton of ore treated or per pound of copper 
produced. If the ore is a sulphide and contains sufficient iron and lime 
for fluxing, and sufficient sulphur for a suitable matte, conditions are 
ideal for smelting if the price of fuel is not prohibitive. If the ore is 
oxidized and silicious, smelting is usually prohibitive on account of cost, 
but such conditions arc ideal for chemical metliods and the item of fuel 
is not so much a controlling factor. 

Unless a chemical process can be devised to profitably treat the ores 
from the smaller mines, the only alternative for such mines is in smelting 
to a copper matte, or sliipping to the larger smelting companies. But 
what the burd(*n of shijiping means may lie known l)y the following 
treatment rat(^, in carload lots, from one of tlu^ large smelting companies, 
on an Arizona ore, having tlie following analysis: 


Gold, 

Silver, 

Copper, 

Silica, 

Iron, 

lime, 

Manganese, 
Carbon dioxide, 
Insolubie, 


S2.7(). 

18.0 oz. 

21.0 per cent. 

08.0 per c<*nt. 

5.0 per 

1.0 fHT cent. 

1.0 pe‘r cent. 
2.{) per cent. 

2.0 per cent. 


Pay men Lh 

'^Gold: If 0.10 oz. or more conlaim‘d, SIO.OO per oz. 

*bSiIver: If 1.0 oz. or more eontaiiuai, 95 p(T cent. New “^'ork (piotation. 
Gopp^‘^'* C‘(‘nt. wet a.ssay, or more contained, 90 per cemt. of full wet 

assay at the cpioiaiion for (dfwtrolytic cathodes, less 3 etmts p(*r })ound. 

“Iron: Pay for all rneiallie. iron (F(‘) at 5 {‘(‘nts per unit. 

“ Lime (('aO): If 3 per cent, contained, all at c(mts per tmit.’' 

Deductions 

“Insoluble: All at 10 cxmis |>er unit. 

“Zinc: 5 per cent, fna*; excess at 50 cents per unit. 

“Arsenic, antimony, bismuth; 3 per cent, excess at 50 <a;nts per unit.'^ 

Treatment 

“F. o. b. smelter, on basis of 3 per cent. eop|)er wet assay, pea* 2000 lb., $3.00. 
Deduct 10 cents for each per cent, of copper contained in excess of 3 per cent. 
“Moisture: Minimum, 1 per cent. 



491 


ECONOMIC CONSIDERATIONS 

'' Bricking charge: Add $1.50 per ton to treatment charge when any lot con- 
tains concentrates or fines of which 25 per cent, will pass through a screen with 
openings 1/4 in. square. 

“ Sainiding: On lots under two tons, $3.00 per lot.'' 

Taking these rates on this silicious ore, we find that the actual value 
ot the metals in tlie ore is $GG.30. The smelter deductions from this 
metal value amount to $18.03. There is a credit of $0.25 for the 5 per 
cent, iron, and a deduction of $7.00 for 70 per cent, insoluble. The quoted 
treatment charge is $1.30 per ton. Therefore the full smelting value of 
the ore is $GG.93. It costs $8.00 per ton for freight and cartage to get 
this orc^ to the smelter, to say nothing of sampling charges and expenses 
iiumhmtal thereto. Therefore the total expense and deductions for 
Bhi|>i>ing this ore is not less than $34.93 per ton, although the nominal 
smelting charge is only $1.30. 

This on^, which is typical of numerous deposits in the Western 
United States and in other countries, shows why many mines are unpro- 
dindtve and unprofita])le, under existing conditions of smelting. The 
hope lies in the hydromctallurgical processes, and there should be no 
difh(mlt.y in treating this character of ore by a wet method, at a cost of 
not excnHuIing $5. to $G. })er ton, especially if there is cheap water-power 
avail abh^ in (dose proximity to tho mine. 

Oxidii5(^d ores are best adapted to any solvent process. It does not 
follow, however, that sulphide ores cannot be treated successfully or 
ec.onomicially by wet methods. With tho exception of certain chalcocite 
dcqxmits no process has yet been made public which offers a proba- 
liilit y of successfully treating sulphide ore without roasting. To decom- 
posii large r|UiuititieB of sulphide ore, as would be necessary in large 
installations, by chemical methods, is a serious undertaking. 

Roasting is no longer tho expensive operation it once was. A per- 
fect, rriaBt ia neither rexpured nor desired in copper extraction by wet 
methoils. A perfexit elimination of the sulphur would be fatal to the 
BU(xx*H8 of the operation. Roasting, for smelting work, is now regu- 
larly done for 25 centB a ton of ore, and there is no reason why, in a 
fairly large installation, roasting for a solvent process should not be done 
for from 40 to 50 cents a ton under similar conditions. The question 
might then arise, if roasting is necessary, and fuel is required for roasting, 
why not smelt? Even assuming that roasting requires as much fuel 
as blast furnace smelting, the fact still remains that any available fuel 
may he used in roasting, while in smelting coke is desirable, even if not 
absolutely necessary. Furthermore, in smelting, fluxes have to be 
provided, and the copper matte produced is no more salable in the open 
market than a good quality of ore. 

If the ore is highly suited for smelting, it would be unwise to advocate 
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a chemical method. All ores are not adapted to smelting, neither are 
all ores adapted to chemical methods, and the wise course for the met- 
allurgist to pursue is to work within the limitations of the process under 
consideration. 

The nature of the solvent has much to do with the limitations of 
the process. Acid solvents are the only ones which have met with much 
encouragement from a technical point of view. Copper is somewhat 
soluble in many of the alkali solutions, but the alkali solvents present 
great difficulties, especially if electrolysis is to be made the basis of the 
process. If copper ores contain sufficient lime to seriously interfere 
with an acid process, it is a question to what extent a wet method would pre- 
sent advantages over smelting, when the ore contains much of the matter 
for a suitable fluxing mixture. Nevertheless, even with a suitable 
alkaline solvent there would be a wide field on ores containing much 
lime or magnesia. Iron need not present any great difficulties either 
with an acid or alkaline solvent. The fixation of atmospheric nitrogen, 
either as nitric acid or ammonia, may ultimately result in a successful 
method of dissolving copper from its ores. Nitric acid presents serious 
difficulties, however, both as to solution of the copper and as to its 
precipitation if a regenerative scheme is contemplated. Ammonia is 
more likely to result in a successful process than nitric acid; it has the 
disadvantage of being an exceedingly volatile gas, and would require 
special apparatus in its manipulation. 

Hydrometallurgical plants for the treatment of copper ores will 
cost about the same as cyanide or chlorination installations of the same 
capacity, for the treatment of gold and silver ores, and will vary from. 
$1.50 to $3.50 per ton, based on the yearly capacity. The cheapest 
installation that can be made is an ordinary sulphuric acid leaching 
plant, with iron precipitation, treating oxidized ores. If the ore is a 
sulphide and has to be roasted, or if the acid for leaching is to be made 
on the ground, the cost will be materially increased. 

Electrolytic installations are more expensive on account of the 
large amount of power required, but the operating cost will be much 
less. The most expensive plant would be one treating sulphide ores, in 
which the material has to be roasted, and the copper is recovered by 
electrolysis. 

In the matter of installation, therefore, the expense will not be materi- 
ally different from cyanide or chlorination plants under the same con- 
ditions, but it will usually be somewhat less than smelting plants. 

According to Ingalls^ a blast furnace plant employing the semipyritic 
process, where no roasting furnaces are required, costs $600,000 
for 330,000 tons annual capacity, or about $1.70 per ton. The 
Balaklala works, in Shasta County, California, where roasting is 
and M. July 2, 1910. 
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r(‘(}uir('(l, ior :ui t*stnuHl(Ml capiicil,}' of 4M7,r)0(} tons, the cost was 
li, li{tlt‘ l<‘ss than S.*>.3o |)(‘r ton. Tlio nii>;hlaiul Boy works, near 
Salt Lak(‘ ihty, with a capacity ot ^J0(),00() tons, cost S972,G7h, wliicli 
ainoiiuts to S:>.2(> p(a* toil, triui (iarlield woi'ks, luaar Salt Lake City, 
with a capacity oi St)(),()0(j tons, cost SO, 000, 000 or $7.59 per ton. 

All cost (lediict ions, made in a i»{‘n(‘ral wa}^, are of course subject to 
modifications, and the fact nuiiains, that all plants to recovxu’ the value 
econoniically in lh{‘ nii‘l allies condition, are expensive to install, and 
this is a ^-caun-alizaf ion which is tru<^, independent of any particular 
proc(\ss (‘Uiploytsl. 

Chemical and Mechanical Difficulties. — The meclianical difficulties 
in tJie t.rcaitnHnit, of (s){)p(‘r or(‘s by w(‘t nuithods, need not be serious. 
Th(\v an‘ sonunvhat e,r(‘at(‘r than tiu‘y ani in cyanidation, largely on 
a(‘(‘ount. of tJi(‘ corrosiv(‘ nailin' of the solvents, duo to which 
spi'cial afiparatus is nspiiri'd, and also on account of the ac.id solutions 
which do not. (ilt(*r as readily as jdkaliiui solvcmts. The diiliciilties, 
Iiow('V(‘r, ai’(‘ not. as great, as in I.Ik^ tiiiK'-honon'd chlorination jirocess 
for t-lus extraction of gold, winux^ tiu' solutions c.ontain both acid and 
frtM' {dilorimg and of* \ hv. two, the (diloriiu' is liy fai- the greater evil. 
Hut t hat. Ilu'se dillicult ii's an' not s<*rious, is (w^idioiccul liy the fact that in 
(jri|)ph‘ Cr«'ek alomg from SUO to H) 0 () tons of on' hn.v(^ treated daily 
for many years wit h sulphium* n,cid and bhaudiing powdevr, n'sulting in the 
formation of a chargy containing frc'i' aci<l, chlorine, and (‘.alciuin sul- 
jihate. slimes which do not. incn'asi^ it.s lilt.i'ring (jualitii'S. ]<]ven und(‘r 
tlu'si' cemditions a chn.rg(‘ of l.<‘n to t\V(*nty t.ons of oix^ is filtered in from 
two or t hr(‘e hours. If tilt. ration is iinpraid-iiuabh^ or undesirabh', decan- 
tation may always bi' resorb'd t.o. If th<^ on^ is cJuuniiudly adapted 
to a W(‘t. prof'ess, tlu^ mechanical (conditions (can readily 1)0 compliccd 
with, but if tin* ore pn'Simts s(‘rious ciHunical diflicultic's, it would 1)0 
W(*li to (‘onsid(‘r some otln'i* method of tn'at.ment. Fortiinatcdy the 
cJiemi(‘aI ditlicull ies may wit h c(‘rt ainty b(c (h'tccrmined in advances in the 
laboraltu’y, or ou a small wtu’king liasis. 

General Applicability of Hydrometailurgical Processes. — Tlui })rcvn.il- 
iug; id(‘a., (‘S|Hsdally in med allurgic.al lit,(‘ra.l.ur(', s(c(uns to be tluit hydro- 
imd-allurgicca! procixssi's for (‘xtra.cti!ig cop|)('r, arc applicable- only to 
low-grade ones. But wliy limit thmn to low-grad(c ones any more than 
smceULig or any otln'r imethod? Thene is no logical reason whatever 
why the wcet imdLods should havae any limitations, eitluer as to the grade 
of the ore or its mim'ralogical (cornposition, provided the process is 
chmnically adaptcMl. This adaption will, in its ultimate analysis, 
nesolvce itst'lf down to the consumption of chcmiicals, the same as in 
chlorination, (‘.vanidat.ion, or snadt-ing. 

An on' may b(‘ so low gradie as to pretdude its profitable working by 
anv nifdhfuf .Mnd is tui reason whv wet cormer nrocessevS should 
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be an exception to the general rule. If an ore is ideally adapted to 
chemical treatment, as some self-fluxing ores are adapted to smelting, 
then such an ore, even though of very low grade, can be profitably 
treated, as for example, those of Stadtberge which showed only from 
0.5“ to 1.5 per cent, of copper. At the Gumeshevsky estate, in Russia, 
dump material is successfully treated on a large scale by leaching in 
which the copper recovered amounts to only 8.6 lb. per ton of ore; and 
this appears to be the record for profitable copper extraction from low- 
grade ores by any process. 

Copper is one of the most readily soluble of all the metals, and one of 
the most readily precipitated either chemically or clectrolytically. 
Theoretically, the solvent processes, especially the electrolytic processes, 
offer all that could be desired, on ores chemically adapted; close extrac- 
tion, cheap deposition, copper in its metallic form, saving of the precious 
metals, the installation of plants at the mines which may be operated 
in any unit and without admixture of other ores or fluxes. With these 
theoretical advantages it is reasonable to suppose that the chemical, 
methods will ultimately be in as general use for the extraction of copper 
as the cyanide and chlorination processes now are for the extraction of 
gold and silver. 
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maid-Henderson process, 267 
in roasting, 50, 53, 215 
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Austin, 195, 224, 277, 327 
Atacamite, extraction of copper from, 
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Baker-Burwell process, 361 
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Bromine, in roasting, 61 
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Calcium (lime) in chloridizing roasting, 
64 

in oxidi 2 iing roasting, 54 
Cananea experiments with ferric sul- 
phate, 195 
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methods, 493 
processes, 169 
alkali, 172 
chloride, 216 
sulphate, ISO 
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reactions during oxidizing roasting, 
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treatment of sulphide ores, 488 
Chloride processes, chemical, 216 
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Bradly process, 243 
Docjtsch process, 219 
ferric chloride, 218 
ferrous chloride, 225 
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ferrous chloride process as Ore 
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Hunt and Douglas process, 228 
at Argentine, Kan., 231 
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cuprous chloride, electrolysis of, 336 
Douglas process, 347 
Greenawalt process, 349 
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Swinburne- Ashcroft process, 359 
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Chloridization determinations, 78 

Chloridizing roasting, 63 

adaptability of various ores, 64 
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alkali metals, 66 
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antimony in, 66 

arsenic in, 66 

barium sulphate in, 68 

calcium (lime) in, 66 

chemistry of, 64 

composition of roasted ore, 69 

copper in, 74 

determination of chloridization, 78 
determination of volatilization 
loss, 77 

experiments as compared with 
practice, 76 

gold, volatilization of, 72 
heap chloridization, 69 
lead in, 66 

Longmaid-Henderson process, 246 
magnesium in, 76 
objects of, 63 
quartz in, 68 
salt, percentage of, 68 
time of adding, 68 
silver, volatilization of, 70 
sulphur, relation of to the 
chloridization of silver and 
gold, 76 

temperature, effect of, 70 
time, effect of, 76 
volatilization, principal factors 
in, 75 

Chlorine, 375 

Castner electrolytic cell for generate 
ing, 376 

electrolytic, 375 

in roasting, 61 

McDonald cell for ^eneratinff. 378 
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at U. S. Reduction <&: Refining Co., 
Colo, 377 

Chlorination at Mount Morgan, Australia, 
378 

at Falun, Sweden, 381 
Claudit process, 258 
Clay in roasting, 60 
Clemmer, 262, 429 
Cobly, 303 

Coffin electrolyzer, 30,6 
Cole, 195 

Condensation of furnace gases, 256 
Coal, as a fuel in roasting, 9 
classification of, 10 
for power purposes, 477, 481 
relative practical value, 10 
Cobalt-nickel arsenides, roasting of, 51 
Coehn process, 346 
Color names of temperatures, 79 
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Copper, chloridization of, 74, 246 

electrodeposition of, theoretical 
data, 292 
practical data, 294 
rapid deposition, 305 
cost of, theoretical, 484 
cost of, practical, 485 
metallic, properties of, 155 
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of silicate, 166 
nickel ore and matte, 387 
Browne process, 392 
Cito process, 400 
Gunther-Franke process, 397 
Hoepfner process, 391 
Hybinette process, 389 
Mansfield Copper Co., 402 
Sjostedt- James process, 396 
treatment of, 387 
in roasting, 39, 74 
precipitants, 270 
hydrogen sulphide, 278 
iron, 270 
iron sponge, 273 
iron-coke couple, 277 
iron-copper couple, 277 
lime, 282 

sulphur dioxide, 228, 234 
precipitation from mine waters, 404 
Queen, precipitation of mine waters, 
412 

sulphate, 161, 426 
Freiberg process, 427 
Hofmann process, 437 
Oker process, 428 

Cost of electrodeposition of copper, 484 
of hydrometallurgical installations, 
492 

of mechanical reverberatories, 102 
of smelting installations, 493 
Cowper-Coles zinc process, 384 
Crushing dry with ball mills, 8 
dry with rolls, 8 
Cripple Creek, roasting at, 146 
Current density, 288 
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Cupric chloride, electrolysis of, 335 
properties of, 163 
Cyaniding cupriferous ores, 363 

at Camp Rochester, Nev., 366 
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D 

Depolarizers, 303 
Deposition, deetrolytic, 293 
practical, 294 
rapid, 305 
theoretical, 292 
Diaphragms, 287 
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process, 347 
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E 

Economic considerations, 483 
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theoretical data, 375 
U. S. Reduction & Refining Co., 
Colo., 377 
processc^B, 283 
anodes, 284 
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Joule’s law, 294 
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cuprous chloride electrolysis, 336 
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SwinburiKi- Ashcroft process, 359 
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Elliott process, 204 
ovnerimonts at Cananea. 195 



INDEX. 


499 


Ferric experiments in Spain, 203 
Kedabeg, Russia, 203 
Millberg process, 203 
Rio Tinto, 206 
Thomas' experiments, 202 
Filtration, 470 
Filter presses, 471 
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Flynn, 183 
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required in roasting, 103 
Furnaces, roasting, 83 

Allis-Chalmers, McDougal, 120, 143 
Brown, 104, 140 
Bruckner, 135 
Edwards, 115, 141 
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hand reverberatories, 85 
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mechanical, 126 
modified, 101 
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Herreshoff, 126 
Holthoff-Wethey, 111 
Howell- White, 137 
McDougal, 120, 143 
Merton, 113 
Pearce, 109 
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refining, 421 
Bridgman, 422 
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Halske-Siemens process, 319 
Hamilton and Thompson’s experiments 
with cuprous chloride, 337 
Heap chloridization, 69 

roasting and leaching, 213 
Hearth area required in roasting, 104 
Heating value of wood, coal, and oil, 8 
Henderson-Longmaid process, 246 
composition of cinders, 248 
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of the silver, 258 
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bismuth, 267 
Helsirigborg, Sweden, 261 
roasting, 249 

Ix)ss of weight in roasting, 61 
Luckow, 303 
Lunge, 29, 216, 273 

M 

Magnesium in roasting, 58 
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INDEX 


501 
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treatment of, 387 
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Ore coolers, 144 
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decomposition temperatures of sul- 
phates, 28 
dust, 144 

essential factors in, 14 
gold in, 46 
iron in, 34 
Kalgoorlic ores, 150 
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temperature, 16 
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HoH.hoff-W(4hey, 111 
Howell- White, 137 
McDoiigal, 120, 143 
Merton, 113 
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